AD-A014 732 


TEST OF A SUPERSONIC AXIAL COMPRESSOR STAGE 
INCORPORATING SPLITTER VANES IN THE ROTOR 


A. J. Wennerstrom, et al 


Aerospace Research Laboratories 
Wright-Patterson Air Force Base, Ohio 


June 1975 


DISTRIBUTED BY: 


National Technical Information Service 
U. S. DEPARTMENT OF COMMERCE 


eyes ea 
| Be 
4 ® 
i mu 

i “os * . 
| mo. ok he a 

i cee Reo ey pe 

i 

| 

‘ 

{ 

| 

| 

| 

| ¥ 

j 

| 

| 


THIS DOCUMENT IS BEST 
QUALITY AVAILABLE. THE COPY 
FURNISHED TO DTIC CONTAINED 
A SIGNIFICANT NUMBER OF 
PAGES WHICH DO NOT 
REPRODUCE LEGIBLY. 


RT ee 


mgm Nee 


it 
as 


Neat 
Lotte 
1 


4, 


ae 
Ni yh 


s 
1 a 


MY 


‘e 
a 


Ar 
Pade 


2 


oe 


1 8; 
er eae 
ale tas 

ae bs fn 


ret, 


as 
BS ee 


be 


wate 


te 
te 


‘ 


Fy, 
BS 


om. 


= 
areas 

ae 

2 


te 
Age 


ae 


re PE, 


Sel 


aS 


\ 


Bet 


iid 
seh Tas ued 


kas, 


¥ 


ayes 


5 SE 


Sade 


aie 
a, 


Sth 


toa 
ne matin ow hy 


ferz: 


vege peegyt quleiege, Eh 
ie 1 ee oy 


4 
mM 


y 


ah 
CU ie 
ES Pa 


. ts 1 th ian 
i SoA eh, ndtieig Sear 


vi brad a 


Sate 
ay 2Y 


we eee 


Le eh 


a On 


ty 


‘se a 


sy fet 


baal + bao 


d ae - te aay 


is coy we > 
ay AP AOPIYFRE TRY nc ET pe, 


‘. Roper Eb she 

Rarer x ACHE Be a .. 
Tape eh e by : Gs 

, is j gi 


UNCLASSIFIED * 
SECURITY CLASSIFICATION OF THIS PAGE (then Dete Entered) 7 _ 7 
Wey "READ INSTRUCTIONS 
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM 


, REPORT NUMBER 2. GOVT ACCESSION NO] 3. RECIPIENT'S CATALOG NUMBER 
ARL 75-0165 BS aa : . 


December 197° - 31 Dec 1974: 
Technice ~Interim 


6. PERFORMING CRG REPONT NUMBER 


TEST OF A SUPERSONIC AXIAL COMPRESSOR STAGE 
- INCORPORATING SPLITTER VANES IN THE ROTOR 


?. AUTHOR?) 8. CONTRACT OR GRANT UMBERTa) 
nee . Wennerstron 
We A. Buzzell Interml 
z D. DeRase . 

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10, PROGRAM ELEMENT. PRUJECT. TASK 
Fluid Mechanics Research Laboratory (LF) 4 
Aerospace Research Laboratories (AFSC) DoD Elc nent 61152F 
wright-Patterson AFB, Ohio 45433 _ Project 76650409 

1t. CONTROLLING OFFICE NAME AND ADDRESS “P12. REPORT DATE one ; 
Aerospace Research Laboratories (LF) oA ig 1975 
Air Force Systems Command 13. NUMBER OF PAGES 


Wright-Patterson AFB, Ohio 45433_ 


« MONITORING AGENCY NAME @ ADDRESS(i! dilferenr from Controlling Oltica 1S. SECURITY CL-AS5. lof chis report) 


Unclassified 
Sa, BEC ASeIe FIO ATION Down GRADING 


16. DISTRIBUTION STATEMENT (of this Report) 


Approved for public release; distribution unlimited. 


« 


17. DISTRIBUTION STATEMENT (of the ahetract entered in Block 20, if dillerent trom Report) 


18. SUPPLEMENTARY NOTES YO 


39. KEY WORDS (Continue on reveree aide i necessary and identify by block nunber) 


axial compressor gas turbines 
turbine cryzines 
turvomachine 


20. ABSTRACT (Continue on reverse side tf necosesery and identify by block number) 
Complete experimental results are presented from tests of an wial- 
conpressor stage designed for a tip speed of 1600 ft/sec, a stare t¢tal pressure 
ratio of 3.06, and an inlet hub/tip radius ratio of 0.75. The rotor had been 
redesigned to incorporate a splitter vane between each pair of principal air- 
folis. At design speed, the compressor passed 88 percent of desig flow, 
achieved a stage total pressure ratio of 2.77, and achieved isentropic efficte 
cies of 0.846 for the rotor and 0.674 for the stage. This represented a major 


morovyement ove he preceding confi mimation toct. tho erty oD Lit 


DD 1 2n'5) 1473 Eoition oF tov ss is oMsoLere « 


nn nn eee 
SECURITY CLASSIFICATION OF THIS PAGE (When Data Ertered) 


@. TITLE (and Subtitte) 5S. TYPE-CF REPORT 5 PERIOD COVERED “T° 


de 


2 
A tn pi ona aH 


4 


Une aes ee) 


A 
rib 


a 


a 
3 
ESI 
3 
o> 
2 
2 


¥ 
sf 


suit nyt cldeda th tt tnd rl ae 


or eds 


fal wettateersn iat 


i 5 
ire. ay 


sles 


be at at 


rhe 2 x FOE eA EV Th Peay METRE NT, eT SAD ee 
SEEM RE PRS TTA ATER E DR oe eee Ne eats PEI STAAL 


ST AEE: Site URE Deo woe REUTER OAR EY Mem AWS Wed ponte Ge Ta REO 


cure n Mi bee re Pe Ty Pt oiat yah 


SECURITY CLASSIFICATION OF THIS PAGE(When Dota Entered) 


Future tests are to include various types of kountlary- 


vanes. 
control. 


= -a«T 
oe 


SECURITY CLASSIFICATION OF THIS PAGE (When Dete Eatered) 


SO: ST 4 


- 


va Slat hiram aly EAMG ECL stn opt tN ERA eR dts a Ba 


Kioiteeete, ddiusiusd 


PCE ED aa Bw 


STE E Hae PNT RT LTS 
Le at 3 1 


* 


_ . Lt 
Se eee oa oe 


mee, 


4 


ote gayle ont 


be 


TS ee a ae 


ate: Rect ama nie 
Se ds Saas oe te 


3 
- 
4 
= 
Se 
= 


See 8 ee ee aes a A fs 
2 re Se 
else aoear, eaet eae) G REN a ei 


_ “his Interim report was prepared-by Dr. Arthur J. Wennerstrom-ind: 2/it 
Willian A. Buzzel of the Fluid* Mechanics Research ‘Laboratory ,. Aerospace 
Research. Laboratories (AFSC) ,. Wri ht=Fatteyuon: Air Force ‘Base, Ohio and Mr. 
Robert D. DeRose of § Stems Research Laboratories; Inc.:;. Dayten,, Ohio. The 
ee herin renorted was ‘accomplished. :between. December: “1972 and: December 
_ 1STA,. . 


ae 


‘The report presents results ‘from-a. portion. of” the.-effort of *e Fu. Be 


Machinery Res arch Group supervised by. Dr. Arthur J, Wennerstrom anit 
conducted under Work Unit 09 of Projéct ‘7065, "Aerospace Simulation. Techniques 
Research," under the over=all direction. of Mr. ‘ELner G..: Johnson; Director. ss 


{») 


1, 
3. 
£ 


‘4 


thy 


ah Bee HD a acekeee ve nell 


i a ania een Reta ammenio-al 


(cl 


avr. sadly 


“iis wo eiteasie evan 894 Uae i 


Sit eg aig 
t 


b 


fi 


ay 


. 


we 


alae ri SbsL See GAL eden. noe 


F 


Wu beA ultadia via, dee 


aly 


cre okie ARel, WAN fe 


andl stat 


¥ 


2 


‘ 


euearsdtansiaen iateaeebemmrenmnarunecneanmeciemmemememmnmite “ens atte emg op he es 


o 


ss 


o 


regi weet st 
4 A ca ghee 


, 


vo a BREA 


Ee Ste a nm RMT net eat nc 
nt 


aa thts + 


1 


: 


TESS ap UP oT 


Sa rs 2 


t 
Bt 
ft 


BAC REcederemsa conan tecnnoce sini te rR REIL PEEING LLC a A EB SE CE I an LN SE A 


TABLE OF CONTENTS 


me an sects NHR Be MMe S 


Re angcidi o  ep et 


> Wastes 1 Pr a lade be 
aioe Bb Nah cto ie Jalatdas i tion ne 4 are adaies Butte afl sb Stk alts sehen a 


SECTION PAGE 
f° MVRONGHON Go awe bad bee teaaesase 7 


I T A P PARATUS oo e# e # @ @ oe © © © © © @® & ee e@ @# @© @# # @# @ 2 


1. PACTLITY FLOW DATH eee © #£ © © © © © © © © © © © c 
Ze —OSIPRESSOR TES? VEMICLE © so aS See ee ah ewe : 


Rene lent ee ets 


oO wo fee) fee) ~ “ SI wa 
spidey ine ainst ON tts ms ed ts 


i 3. COMPRESSOR INSTRUMENTA'SION . 2... 0 2 ee ee ee 4 
a : i é | 
4, ‘TEST PACILITY INSTRUMEMZATION . 2... 2 0 eee ee & 


Ili ‘TEST PROCEDURE AND DATA REDUCTION . 2. 2 2 ee ee ee oe 
de TEST PROCEDURE * ° o e . e e e e e e e e e e eo e e e 
2 . PATA REDUCTION =. PHASE I ee0e©ee @ © © © © & #© © @ #0 


NRE Pg lGRI! IR RN 


3. DATA REDUCTION = PHASE II . 2. 2. 1 1 6 © © © © © oe oe 
IV RESULTS e e e e ° e ° e ° ° ° eo e e e ° « e e e ° e ° ° e 


1. OVER-ALL PERFORMANCE . . 2. 2 1 ee wee ew eo we wo ww 
2. BLADE-ELEMENT PERFORMANCE (ACROSS BLADE) .....- 9 


Te tmnt ore 


3. BLADE-ELEMENT PERFORMANCE (WITHIN-BLADE) ...... 9 
4, ROTOR TIP DYNAMIC PRESSURE MEASUREMENTS . ......- 10 


V CGHCLUSIONS . 2. 2 2 ee we eee wee ee ee ee 


2 APPENDIX A: PHASE Il WITHIN-BLADE ANALYSES 139 
(COMPUTER PRINTOUTS) .. 2... 06 ee eee 


a 1. TEST POINT 212050315040 (40%) 2... er 


2, TEST POINT 212050615050 (50%)... 6. ee eee ee 156 


— 
he tg 


3. ‘TEST POINT 212051715560 (60%) .....-..-- wee tft 
4, WEST POINT 212070815970 (70%)... +. +--+ +s + 186 


a TA 


TEST POINT 212071515980 (80%) . . 2 ee ee ee eee 201 


RR conn hee 
w 


pi 


g BOT 
pane hl Tctemy PAO 


TEST POINE 301181015885 (83%) . 
VES! POINT 301181715890 (90%) 


TEST POINT 301230515695 (95%) .... 
9. ‘TEST ONT 301231615700 (100%) 


19. ‘TEST’ PCINT’ 301240915602 (102%) 2... 2. 22 eee 
APPENDIX B: COMPUTER INPUT DATA FOR 
DATA REDUCT? IN... 


o°e©e © © ee © © © © # e@ * 


> 
iy 
vr 
3 
oe 
> 
2 


1.  OOMMON PHASE I DATA... . 2... 


a 2. COMMON PHASE II FIXED DATA (LOG 1) 
BS ACROSS BLADE... 70e©ee © © @© @ eee © © © © * 
3.  CCMMON PHASE II INPUT AND TEST POINT DATA 

= (LOG 3, 4) ACROSS BLADE... ....4.-00008 
pat 

a 4. COMMON PHASE II FIXED DATA (LOG 1) 

na WITHTI] BLADE . 2. 2... 


E 5. COMMON PHASF IT INPUT AND TEST POI7? DATA 
a (LOG 354) WITHIN BLADE “5 6 © © © © © © e© © © e ee * 
6. INDIVIDUAL TEST INPUT DATA... 22.7 eee eee 


APPENDIX C: ADDITIONAL CALCOMP PLOTTING 
ROUTINE LISTINGS ... 


“ ! ere Sey 
AREER TESA Ea) CE Ah BaP 


1. DEVPLOT LISTING... .. +6 2 ee 
2. SYTAPLOT LISTING ........ 
APPENDIX D: RAW EXPERIMENTAL DATA 


REFERENCES 


ayn 


iv 


TABLE 


XIIi 


LIST OF TABLES 


INS PRIMENTATION LIST 2. 2 6 2 ew ew ew ww we 
CAL TBRATION OF SAMPLE THEFMOCOUPLES .... 
CALIBRATION OF TEMPERATURE READOUT ELECTRONICS 
HASS-AVERAGED COMPRESSOR PERFORMANCE... .. 


LOENTIFICATION OF SYMBOLS FOR 40%-SPEED 
ACROCS-BLADE SIGUFES e ee e °° ° e e e e ° ° ° 


IDENTIFICATION OF SYMBOLS FOR 50Z-SPEED 
ACROSS=BLADE PIGURES e e e e e e es e e e e e 


IDENTIFICATION OF SYMBOLS FOR 60%-SPEED 


ACROSS=BLADE FIGURES  . «6 2 0 eee ew we 


LDENTIFICATIQY] OF SYMBOLS FOR 70%-SPEED 
ACKOSS-BLADE FIGURES eo ¢ &#& @ @® © @ @ @ 8 © @ 


IDENTIFICATION OF SYMBOLS FOR 80%-SPEED 
ATCROSS-BLADE FIGURES 7-0 © © @ © © © © © © 


IDENTIFICATION OF SYMBOLS FOR 85%-SFEED 
ACROSS-BLADE FIGURES .. 2.24 + ese eees 


IDENTIFICATION OF SYMBOLS FOR 90%-SPEED 
ACROSS=~BLADE FIGURES e e e e e e es e * e e e 


IDENTIVICATION OF SYMBOLS FOR °52-SPEED 
ACROSS@BLADE FIGURES . 2 2 6 «2 ew ew ee 


IDENTIFICATION OF SYMBOLS FOR 100%-SPEED 
ACROSS=BLADE FIGURES  . 2. 4 ee ee ee ewe 


IDENTIFICATION OF SYMBOLS FOR 105%-SPEED 
ACROSS-BLADE FIGURES  . 2. + 6 ee ee 2 ewe 


31 


35 


39 % 


43 


47 


51 


55 


60 


65 


70 


: 
$ 
i 
i 
; 
: 


TNAAYD len oh ee a Des ARLE NERA AP AA STAICERRME RGN SAC EVES Dro Needed PMZneer ME BRERA Regret E me | Sem eee 


AOD Then Beer are acientes s 1 


‘ , ; raat ® ws 4 + ens ‘ z 
v ‘ ree %, fl Lae a Atha Pa a eT Ses 430%, att Bist ee ae ‘ waits < an 4 Pew? 
ets Ryan Ege deans pt eeyT feel eb hase Aretha ds ti Rl Fn eED REN CG NETRA PARROTT TE ee G athe dll ited Hi left AL, calif 


‘ 


a ; ise" Liye 
wedges ehitettetiiertnnd Aa 


FIGURE 


Rotor with Splitter Vanes 
Vehicle Instrumentation Bulkhead 


5 
6 
7 . Temperature Calibration Setup. 
8 Kiel Stagnation Tube Design . . 
9 Instrumentation Rakes ... «=. 
Vane-Mounted Instrumentation . . 


il Comzressor Perforrance Map ... 


¢« 


e 


Slot Vented Temperature Probe Design 


a 


- 


* 


co 


aad 


s 


LIST OF ILLUSTRATIONS 


. 


e 


«7 ¢ oe. @ @ e 


* 


eo 


= 12 Rotor Relative Mach Number vs Inlet Radius 
3 (40% Speed) e e e ° e a e e e e e 4 a e . J rf ‘J 
ES 13 ‘Rotor Incidence vs Inlet Radius (40% Speed) . 


od 


4 


o 


e 


Stator Incidence vs Inlet Radius (40% Speed) .. . . 
18° Stator Mact. Sumber vs Inlet Redius (40% Spéed) . . 


a 


. 


14 Rotor Diffusion Factor vs Outlet Radius (40% Speed) . 
Rotor Loss Coefficient vs Gutjet Radius (40% Speed) 
E 36 ‘Rotor Deviation vs Outlet Radius (40% Speed) .. . 


. 


* 


Cumpressor Facility Flow Path .....2-+¢+seececses 
Tost: Facllity a: 6. 60) 6-6) 0) 0 oS eS 8 6 8 ee Sas 


3 Compressor Cress Section with Instrumentation Locations 


e 


Stator Loss Coefficient vs Outlet Radius (40% Speed) . 


—_ Stator Diffusion. Factcr vs Outlet Radius (40% Speed). . 


21 - Rotor Relative Mach Number vs Inlet Radius (50% Speed)” 
22 ‘Rotor Incidence vs Iniet Radius (90% Speed). 2... 
23 «Rotor Diffusion Factor-vs Outlet Radius (50% Speed) . . 


eo 


BRBRB BE 


RRA EY 


vel f i eer 
; 
A t 
7 ' ’ om 
ar Nae 
* ' 
/ nr re re 
Beet ae tg tty tt da a hg 
Kline “Pashia sitiaa 


4 hee errs 


4 


sauna 


< prmmpmnmenageniriee a 
vecadirte Bbaates 


Boye iat 
RY ait f 


rh 
fy" 


ame 
dit asosicpdeetl Wine 


1 


t 


I, 
wd, 


aS =m “a ESE ne ae — 
SEP etaremnteeesey, = ae 
Fs 
& 
= 
Ss 
3 
= 
= 
q 
< 
3 


24 Rotor Loss Coefficient vs Outlet Radius {50% Speed)... 
25 Rotor Deviation vs Our let Radtus (50% Sveed) oo 8 ¢@ ecee 


26 Stator Inefdence vs Inlet Radius (50% Speed)... 2... | OT 
27. ~~ Stator Mach Number vs Inlet Raddus (50% Speed)... 2. (38 
28 Stator Loss Coefficient vs dutlet Radius (50% Speed) .. 38 
2 stator Liffusion Factor vs Outlet Radius (50% Speca)... 38 


30 Rotor kelative Mach Number vs Inlet Radius 4 
5 D0 SDC Fog k: ca Sse ase Sek wk we ee ee 0 


31 Rotor Incidence vs Inlet Radius (60% Speed). .....- 0 


| 


32 +«- Kotor Liffusion Factor vs Outlet Radius (60% Speed)... 40 
23 Rotor Lass Coefficient vs Outlet Radius (fOz Speed) ne ho 
34 “Rotor Deviation ve Outlet Radius (60% Speed} ...... = 42 
35 «Stator Insidence vs Inlet Radius (608 Speed) . 2.2... 4 
36 Stator Mach Number vs Inlet Radius (60% Speed) .. 2... 22 
37 = Stator Loss Coefficient vs Outlet Radius (60% Speed)... 43 
38  StatorDiffusion Factor vs Outlet Radius (60% Speed)... 43 
Rotor Relative Mach Number vs Inlet Radius (70% Speed). 
i Rotor Incidence vs Inlet Radius (70% Speed) ... 2... = 4M 
li) - Rotar Diffusion Factor vs Outlet Radius (70% Speed)... 44 
82 iutor Loss Coefficient vs Outlet Radius (70% Speed) .. . Ay 
43 Rotor Deviation vs Ovblet Radius (70% Speed)... . =... 45 
hy ss Stator Tneidence vs Inlet Radius (70% Speed). 2... 2 1 45 
45 Stator Mach Number vs Inlet Radius (70% Speed)... . . 46 
46 Stator Loss Coefficient vs Outlet Radius (70% Speed} . . 46 
47s Stator Daffusica Factor vs Outlet Radius (70% Speed) . . 46 


e 
ty 
e 
A ALE AILOREN A SMEG EN AMCMEcAD Mairead FOMCNRnneCmt: Ment COM 4 > SPL ACEUNE ONC H EE OO NE ONAN RE SIAR SSE ARNEL EUS ERA TA NE nem rE SAAR ese + = 
: naa ea aban andthe y a seidetuante th iki theo donylaute Moores aa uaey 


f gn ' aca dp Py id Ein sill ceca ate i RD Ravi hatin 
i gtewtee yA od 4 op gh fl r ‘ i BP Be lags 
doa adhd fed nioRAtsb a Aaah alta idan sod Se 


yi 


3 
= 
3 
3 
-# 
ea 
= 
a 


ei ee ee 


oe ae ee 


ga rsa eater ito thine einen Marana Abeta ak ik a irae ta Malan At EPG RTE Es oa a UAT A Sat AN a a wo an ea ana ait 


Rotor Relative Mach Number vs Inlet Radius (80% Speed) 
Kg Rotor Incidence vs Inlet Radius (80% Speed) ...... .. 48 
50 Rotor Diffusion Factor vs Outlet Radius (80% Speed). .. 48- 
51 ‘Rotor Loss Coefficient vs Outlet Radius (80% Speed). . . 48 
52 Rotor Deviation vs Outlet Radius (80% Speed) sa Baw ce gn ~ a9 


53 Stator Incidence vs Inlet Radius (80% Speed). .... . . 49 

54 Stator Mach Number vs Inlet Radius (80% Speed) .... .. 50 
55 Stator Loss Coefficient vs Outlet Radius (80% Speed) ;- .. 50 

56 Stator Diffusion Factor vs Outlet Radius (80% Speed) .. . 50 

57 Rotor Relative Mach Number vs Inlet Radius (85% Speed) 
58 Rotor Incidence vs Inlet Radius (85% Speed) ......- 52 
59 Rotor Diffusion Factor vs Outlet Radius (85% Speed) ... 52 
69 Rotor Loss Coefficient vs Outlet Radius (85% Speed) ... 52 
61 Rotor Deviation vs Outlet Radius (85% Speed) ....... 53 
62 Stator Incidence vs Inlet Radius (85% Speed) ....... 53 
63 Stator Mach Number vs Inlet Radius (85% Speed) ...... 54 
64 Stator Loss Coefficient vs Outlet Radius (85% Speed)... 54 
65 Stator Diffusion Factor vs Outlet Retius (85% Speed) .. . 54 
66 Rotor Relative Mach Number vs Inlet Radius (90% Speed) . . 56 


8 


67 Rotor Incidence vs Inlet Radius (90% Speed) . .... 2 56 
68 Rotor Diffusion Factor vs Outlet Radius (90% Speed) ... . 56 


69 Rotor Loss Coefficient vs Outlet Radius (90% Speed) . .. - 56 
70 Rotor Deviation vs Outlet Radius (90% Speed) .... «.- 57 
Tl Stator Ineidence vs Inlet Radius (90% Speed) .......- 58 


Tepe Mapa pemmaen 
RG idee ut ts 


(aii ate 


PAO NEWER eu 


Sate 


a 
ey 
- 


Hoe ne ee ee pa Lp Eee AER hm VEIT Ra CeT Ua rd Sam ERE OR Sal 


FIGURE 


Stator Mach Number vs Inlet Radius (90% Speed) eee 
Stator Loss Coefficient vs Outlet Radius (90% Speed) 
Stator Diffusion Factor vs Outlet Radius (90% Speed) 
Rotor Relative Mach Nu:cber vs Inlet Radius (95% Speed) 
Rotor Incidence vs Inlet Radius (95% Speed) ..... 
Rotor Diffusion Factor vs Outlet Radius (95% Speed) . 
Rotor Loss Coefficient vs Outlet Radius (95% Speed) . 
Rotor Deviation vs Outlet Radius (95% Speed) .... 
Stator Incidence vs Inlet Radius (95% Speed) .... 
Stator Mach Number vs Inlet Radius (95% Sueed) ... 
Stator Loss Coefficient vs Outlet Radius (95% Speed) 


Stator Diffusion Factor vs Outlet Radius (95% Speed) 


e 


* ¢ 


eo. 


Rotor Relative Mach Number vs Inlet Radius (100% Speed) 


Rotor Incidence vs Inlet Radius (190% Speed) .... 
Rotor Diffusion Factor vs Outlet Radius (100% Speed) 
Rotor Loss Coefficient vs Outlet Radius (100% Speed) 
Rotor Deviation vs Outlet Radius (100% Speed) .... 
Stator Incidence vs Inlet Radius (106% Speed) .... 
Stator Mac: Number vs Inlet Radius (100% Speed) . . 
Stator Loss “oefficient vs Outlet Radius (100% Speed) 


Stator Diffusion Factor vs Outlet Radius (100% Speed) 


° 


e 


Rotor Relative Mach Number vs Inlet Radius (102% Speed) 


Rotor Incidence vs Inlet Radius (102% Speed) . .... «- 


Rotor Diffusion Factor vs Outlet Radius (102% Speed) . .. 


Le al Waa dda Mah i ae oe bat sit 


96 Rotor Loss Coefficient vs Outlet Radius (102% Speed) . . 
97 Rotor Deviation vs Outlet Radius (102% Speed)... .. 
98 Stator Incidence vs Inlet Radius (102% Speed)... .. 
99 Stator Mach Number vs Inlet Radius (102% Speed)... .. 
100 Stator Loss Coefficient vs Outlet Radius (102% Speed). 


101 Stator Diffusion Factor vs Outlet Radius (102% Speed). . 


102 Rotor Relative Mach Number vs Inlet Radius 
(Within-Blade Analysis, 40% Speed) ... oo ee © © © @ @ 


103 Rotor Incidence vs Inlet Radius (Within-Blade 
Analysis, 40% Speed)... 2.2 ee ee we www veces 


104 Rotor Diffusion Factor vs Outlet Radius (Within-Blade 
Analysis, 40% Speed) . . 1.2.2 se we ee ewe anevee 


195 Rotor Loss Coefficient vs Outlet Radius (Within-Blade 
Analysis, tey4 Speed) e e e e a e e e e e i e e ee e e ° e 


106 Rotor Deviation vs Outlet Radius (Within-Blade Analysis, 
hog Speed) e e e a e * e ° ° e e e e e . e s e e e ee e e 


107 Stator Incidence vs Inlet Radius (Within-Blade Analysis, 


HOS Speed): eek A ce RS Se! Sow 9S we i e548 te 
108 Stator Mach Number vs Inlet Radius (Within-Blade 
Analysis, 40% Speed) ......2.e-e-. oi toy eae 6 hee eine 


109 Stator Loss Coefficient vs Outlet Radius (Within-Blade 
Analysis, 40% Speed)... 2.2. 2.2 ee ew ece cece eene 


110 Stator Diffusion Factor vs Outlet Radius (Within-Blade 
Analysis, 40% Speed)... . 2-2 ee ee ee eevee 


nl Rotor Relative Mach Number vs Inlet Radius (Within-Blade 
Analysis, 50% Speed)... 2.2. ce cee ce ee cen eee 


2 Rotor Incidence vs Inlet Radius (Within-Blade Analysis, 
508 Speed) e e se e e id ss @ 4 e ° e e e e e J e e 4 e e e 


113 Rotor Diffusion Factor vs Outlet Radius (Within-Blade 
Analysis, 50% Speed) e* e e e ° e e J e e e e e e e ‘J s e 


121 


122 


123 


124 


125 


126 


127 


123 


129 


Rotor Loss Coefficient vs Outlet Radius (Within- 
Blade Analysis, 50% Speed) e@6© 8 e@© @ © &© © @© © © © # @ ® 


Rotor Deviation vs Outlet Radius (Within-Blade Analysis, 
59% Speed) e J e ° e e se oJ eo a e e e e eo e » s s e e s ry 


Stator Incidence vs Inlet Radius (Within-Blade Analysis, 
50% Speed) oe & @ @ © @ @ @ 6 oe ee @ @ oe @ @ oe bd 


Stator Mach Number vs Inlet Radius (Within-Blade 
Analysis, 50% Speed) e s 7 e e e ca e eo e « e e e So e ° ° 


Stator Loss Coefficient vs Outlet Radius (Within- 
Blac Analysis, 50% Speed) ee eef8 @ @ e ee e ° eewee 


“tater Diffusion Factor vs Outlet Radius (Within- 
Blade Analysis, 50% Speed) e e e e eo ° ° e e ee cf ° e s e 


Rotor Relative Mach Nunber vs Inlet Radius (Within- 
Blade Analysis, 60% Speed)... 2... 2.22 ee ewes 


Rotor Incidence vs Inlet Radius ““‘!chineBlade Analysis, 
69% Speed) e e eo e e J eo . a e e 2 e e e a e °° e e e e cf 


Rotor Diffusion Factor vs Outlet Radius (Within- 
Blade Analysis, 60% Speed) oee ef © &© © © © © © we we 6 


kotor Loss Coefficient vs Outlet Readius (Within- 
Blade Analysis, 60% Speed) . 2... 6 2 ee ee wee 


Rotor Deviation vs Outlet Fadius (Within-Blada 
Analysis, 60% Speed) 2 e e e e e e eo e e i e , ° e e e . 


Stator Incidence vs Inlet Radius (Within-Blade 
analysis, £0%- Speed) oa aoc o) ah eee ee ee ee 


Stator Mach Number vs Inlet Radius (Within-blade 
Analysis, 60% Speed) 2 e e e oe e iJ ‘2 e e e e e« ° e e ‘J J 


Jtator Loss Coefficient vs Outlet Radius (Within 
blade Analysis, 60% Speed ) e e J » es e e e ° e e °° e e 


Stater Diffusion Factor vs Outlet Radius (Within~ 
islade Analysis, 60% Speed) . 2. 2 eee ee ew eee ew 


Rotor Relative Mach Number vs Inlet Radius (Withine 
lade Analysis, 10% Speed) eeee#e#ee8 © ®@ @ ® # @ @ « 


REET OEE ee ee eee re ee ee eee eS Tens A os EPPA 


: 


han Ae RE ET RIAN HRS PTE NAM ORI 


FIGURE 


‘ 130 Rotor Incidence vs Inlet Radius (Within-Blade 
; Analysis, 70% Speed) eee f © © © © © © @ © © &e © Fe 


131 Rotor Diffusion Factor vs Outlet Radius (Within- 
Blade Analysis, 70% Speed) .....2 2222222. Bh 


132 Rotor Loss Coefficient vs Outlet Radius (Within- 
Blade Aralysis, 70% Speed) . 2... 2 ee eee ee woe 8h 


133 Rotor Deviation vs Outlet Radius (Within-Blade 


Analysis, 70% Speed)... ee 2©«©@ ee © © © © @© ®© © © @ #8 @ 85 
134 Stator Incidence vs Irdet Radius (Within-Blade 

Analysis, 70% Speed) . . 2 oe we ee eee eee eves 85 
135 Stator Mach Nunber vs Inlet Radius (Within-Blade 

Analysis, 70¢ Speed) . 2... ee ee ee ee ee we we we) 8G 
136 Stator Loss Coefficient vs Outlet Radius (Within- 

Bade Analysis, 70% Speed)... . 2. 2. 2 we ee wee ae 86 
137 Stator Diffusion Factor vs Outlet Radius (Within- 

Blade Analysis, 70% Speed) ° e eo e ° s e e e ° & e e e e 86 
138 Rotor Relative Mach Number vs Inlet Radius (Within- 

Blade Analysis, 80% Speed) . 2... eee eee cece e 8 
139 Rotor Incidence ‘3 Inlet Radius (Within-Blade 

Analysis, 80% Speed) . . 2. 2 2 oe se ew ww ww oe 87 

~ 140 Rotor Diffusion Factor vs Outlet Radius (Within- 

Blade Analysis, 80% Specd) 2... 2 ee eee ee eee + 
Wi Rotor Loss Coefficiert vs Outlet Radius (Within- 

Blade Analysis, 80% Speed)... 2.2.0 eee eeee «© 8 
142 Rotor Deviation vs Outlet Radius (Within-Blade 

Analysis, 80% Speed) . 2.2 - eee eee sceeee © 8B 
143 Stator Incidence vs Inlet Radius (Within-Bla:° 

Analysis, 80% Speed). 2... 2 ee ee eee we ew oe 8B 
144 Stator Mach Number vs Inlet Radius (Within-Blade 

Analysis, 80% Speed) . . 2. 1 1. 2 0 we ee ee ww wo oe 89 
145 Stator Loss Coefficient vs Outlet Radius (Within- 

Blade Analysis, 80% Speed) . 2. 22 2 2 ee ee ew oe 89 


‘ tc apanait oad Sythe haiti ooh VRE BOS aria a Ea 
es DAM kaw ct hls tree aa Bt o ey 


FIGURE PAGE 


146 Stator Diffusion Factor vs Outlet Radius (Within- 3 
Blade Analysis, 80% Speed) . 2... 2 ee ee eee eens 9 


147 Rotor Relative Mach Number vs Inlet Radius (Within- 
Blade Analysis, 85% Speed)... 2... 2 ee eevee 


OR RS erent Se eee ta eterno een eT 


148 Rotor Incidence vs Inlet Radius (Within-Blade 
Analysis, 85% Speed) 06 4. ee eee ww eer ene we ee 9D 


149 Rotor Diffusion Factor vs Outlet Radius (Within- 
Blade Analysis, 85% Speed)... 22 ee ee ewe wees 90 


150 Rotor Loss Coefficient vs Outlet Radius (Within- 
Blade Analysis, 85% Speed) . e ° e e e e a e e e ° eo e e ° 90 


AU aed iene eer aw 


E 
& 
E 
= 
e 
r 
Fe 
& 
fe 5 
; | 
= i 
E i 
2 i 
E t 
Fe i 
; 


151 Rotor Deviation vs Outlet Radius (Within-Blade 
Analysis, 85% Speed) 2. 0 we ee ee ee ee wee ee ee ZG 


15? Stator Incidence vs Inlet Radius (Within-Blade 
Analysis, 85% Speed) e cl es ee e . e . . J e e o e e e e e e e 91 


i 
153 Stator Mach Number vs Inlet Radius (Within-Blade 
i frelysis, 85% Speed) <0 06 8S 6 a we 2 ew Ss RO RS 92 


154 Stator Loss Coefficient vs Outlet Radtus (Within- 
Blade Analysis, 85% Speed)... 1... 2 ee ee eee ee 92 


155 Svator Diffusion Factor vs Outlet Radius (Within- 
Blade Analysis, 85% Speed) . 2... 2. ee eee eee eve 92 


~ 156 Rotor Relative Mach Number vs Inlet Radius (Within- 
; Blade Analysis, 90% Speed)... 2... ee es ee ee ee 93 


157 Rotor Incidence vs Inlet Radius (Within-Blade 
Analysis, 90% Speed) . . 2. we ea ecw rer ccercnecsn ce 9 


158 Rotor Diffusion Factor vs Outlet Radius (Within- 
Blade Analysis, 90% Speed) . . 2. 2. 6 eee ee ee ee ee 93 


159 Rotor Loss Coefficient vs Outlet Radius (Within- 
Blade Analysis, 90% Speed) . 2... 2 eee ee ee oe oe 93 


140 Rotor Deviation vs Outlet Radius (Within-Blade 
Analysis, 90% Speed) ..2.< ib 6 cee se ee et ee ew ee «9A 


161 Stator Incidence vs Inlet Radius (Within- Blade 
Analysis, 90% Speed) . swe sce ee eee eee wh we ee gh 


M 4 writ . Mop he My 
fine LE tah SEL mole or tal re " 


a oT AIR eI 


176 


177 


Stator Mach Number vs Inlet Radius (Within-Blade 
Analysis, 90% Speed) .... 


ee e@ e @ &® @ e# @ & @ 


Stator Loss Coefficient vs Outlet Radius (Within- 


Blade Analysis, 90% Speed) . 


eeoeee e ee @# @ @ © @ 


Stator Diffusion Factor vs Outlet Radius (Within- 


Blade Analysis, 90% Speed) . 


oeeee © ee @ @ © @ 


Rotor Relative Mach Number vs Inlet Radius (Within- 


Blade Analysis, 90% Speed) . 


oo ee @ @ @ © #@# @ @ © @ 


Rotur Incidence vs Inlet Radius (Within-Blade 


Analysis, 90% Speed) .... 


eoeoeee e@ @ © © © © @ @ 


Rotor Diffusion Factor vs Outlet Radius (Within- 


Blade Analysis, 90% Speed) . 


eo eee e@ @ @ @© @ @ 


Rotor Loss Coefficient vs Outlet Radius (Within- 


Blade Analysis, 90% Speed) . 


eeoeoee«#e%e# @e®# # # # # @ 


Rotor Deviation vs Outlet Radius (Within-Blade 


Analysis, 95% Speed) .... 


e ° e ° e e e e ° e e e 


Stator Incidence vs Inlet Radius (Within-Blade 


Analysis, 95% Speed) .... 


e ° e e e e ° ° ° e e ° 


Stator Mach Number vs Inlet Radius (Within-Blade 


Analysis, 95% Speed) .... 


Stator Loss Coefficient vs Outlet Radius (Within- 


Blade Analysis, 95% Speed) . 


Stator Diffusion Factor vs Outlet Radius (Within- 


Blade Analysis, 95% Speed) . 


Rotor Relative Mach Number vs Inlet Radius (Within- 


Blade Analysis, 100% Speed) 


Rotor Incidence vs Inlet Radius (Within-Blade 


Analysis, 100% Speed)... 


oeee ee & @ €¢& & @ @ @ 


Rotor Diffusion Factor vs Outlet Radius (Within- 


Blade Analysis, 100% Speed) 


Rotor Loss Coefficient vs Outlet Radius (Within- 


Blade Analysis, 100% Speed) 


xiv 


oeoeeee#e @# # @© @ # @ 


SR 


R 


a F&F RF B 


4 
3 


FIGURE PAGE 


178 Rotor Deviation vs Outlet Radius (Within- 
Blade Analysis, 100% Speed) ..........26+-. #2100 


AO ANE SCE REY ER RL EEE EOIN INT JOO I 


179 Stator Incidence vs Inlet Radius (Within- 
Blade Analysis, 100% Speed), .....2...226.2-e 100 


180 Stator Mach Number vs Inlet Radius (Within-~ 
Blade Analysis, 100% Speed) ...........-. + 1021 


181 Stator Loss Coefficient vs Outlet Radius = 
(Within-Blade Analysis, 100% Speed) ....... 101 i 2 


IEP Ree RNC AD MOLINA A QC 


182 Stator Diffusion Factor vs Outlet Radius | 2 
(Within-Blade Analysis, 100% Speed) ....... 101 E 


remem eKHN NAT 


183 Rotor Relative Macn Number vs Inlet Radius 


ORES a CART cht: 


184 Rotor Incidence vs Inlet Radius (Within- | 4 
Blade Analysis, 102% Speed) ee © © © © © © © @ @ 102 a 
| 


185 Rotor Diffusion Factor vs Outlet Radius 
(Within-Blade Analysis, 102% Speed) ....... 102 


roan NIE 


186 Rotor Less Coefficient vs Outlet Radius 
(Within-Blade Analysis, 102% Speed) ....... 102 


187 Rotor Deviation vs Outlet Radius (Within-e 
Blade Analysis, 102% Speed) ....2.-+.-e2e-+-+. 103 


ARES AA Me HR RIA 


188 Statcr Incidence vs Inlet Radius (Within- 
Blade Analysis, 102% Speed) .......+.e.-.. 103 


189 Stator Mach Nurber vs Inlet Radius (Within- 
Blade Analysis, 102% Speed) .......2.+24.e... 104 


1S0 Stator Loss Coefficient vs Outlet Radius 
(Within-Blade Analysis, 102% Speed)........ 104 


191 Stator Diffusion Factor vs Outlet Radius 
(Within-Blade Analysis, 102% Speed). ....... 104 


192 Axial Static Pressure Distribution (Within- 
Blade Analysis, 40% Speed) .... «26 .+.-e-e. 105 


I 193 Axial Static Pressure Distribution (Within-~ 
: Blade Analysis, 50% Speed) .... -++.s+-e-e+-- 106 


salsa ibaa: Heelan sedans 
“. tom ain't vast ac to eat ty BE Aig taphin? hide ot shee sibs rit r, 
- ah ty b pie wteteg pus deshetoblL et reek « Scfutalual PERE ATSIC a cote Bann g “lela dn ot ial Bide Bela a 9 et 

out Gut ndit en Bound ec ao Malic id Poe CUTE We DET gare rie . 


Ci, cual ad ot 


' 
ciel tiia rT a, at re 
Ek 


FIGURE 
194 


195 


196 


197 


198 


199 


200 


201 


202 


203 


204 


205 


20€ 


207 


208 


209 


’ ’ 
a 


Axial Static Pressure Distribution 
Blade Analysis, 60% Speed) -.-.-. 


Axial Static Pressure Distribution 
Blade Analysis, 70% Speed) -«-+-+- 


Axial Static Pressure Distribution 
Blade Analysis, 80% Speed) --+-:-: 


Axial Static Pressure Distribution 
Blade Analysis, 85% Speed) ++: +s. 


Axial Static Pressure Distribution 
Blade Analysis, 90% Speed) «-+«+- 


Axial Statice Pressure Distribution 
Blade Analysis, 95% Speed) +«+-- 


Axial Static Pressure Distribution 
Blade Analysis, 100% Speed) ---- 


Axial Static Pressure Distribution 
Blade Analysis, 102% Speed) --°--> 


Rotor Within-Blade Deviation Angle 
Distribution (40% Speed Point) - - 


Rotor Witnin-Blade Deviation Angle 
Distribution (50% Speed Point) « > 


Rotor Within-Blade Deviation Angle 
Distribution (60% Speed Point) « « 


Rotor Within-Blade Deviation Angle 
Distribution (70% Speed Point) - > 


Rotor Within-Blade Deviation Angle 
Distribution (80% Speed Point) °- + 


Rotor Within-Blade Deviation Angle 
Distribution (85% Speed Point) - > 


Rotor Within-Blade Deviation Angle 
Distribution (90% Speed Point) °° 


Rotor Within-Blade Deviation Angle 
Distribution (95% Speed Point) - > 


ny EP Seg a TESST T OT PSSST EET 
a. 


(Within- 


eo °@ oo ¢e @ 


(Within- 


ee #8 @ # @ 


(Within= 


° e e e oe e 


(Within- 


(Within- 


(Within- 


° e e e e e 


(Within- 


° e e e ° e 


(Within- 


eo ° e e e e 


108 


109 


110 


111 


ll2 


122 


itn i Ya Nati LB ta 


a % 
Fulks 


FIGURE 


210 


211 


212 


213 


214 


215 


216 


217 


218 


- 219 


220 


221 


we 
+ 
eapestarn TEM am . 


Rotor Within-Blade 
Distribution (100% 


Deviation Angle 
Speed Point) -- ++ +se-e-ee- 


Rotor Within-Blade 
Distribution (102% 


Deviation Angle 
Speed Point) «+ -- 


Stator Mid-Span Surface Static Pressure 
Distribution (Within-Blade Analysis, 


oo @@¢@ © © @# @ @ » &© &© # @ 


Stator Mid-Span Surface Static Pressure 
Distribution (Within-Blade Analysis, 


oo e¢ e @# © © © @ © @# © 


Stator Mid-Span Surface Static Pressure 
Distribution (Within-Blade Analysis, 


eo 2€© © @ © © © & © © © @ &© @ # @ @ 


Stator Mid-Span Surface Static Pressure 
Distribution (Within-Blade Analysis, 


« e e 2 e e e e s ° e e ° 2 ° e e 


Stator Mid-Span Surface Static Pressuse 
Distribution (Within-Blade Analysis, 


e e oe # @ @ oo @ . oo @ e e oe @ 


Stator Mid-Span Surface Static Pressure 
Distribution (Within-Blade Analysis, 


«0 e © © @ & # @® © @ @ # © @ 


Stator Mid-Span Surface Static Pressure 
pa Syeeputsen (Within-Blade Analysis, 


ee @ © © © © © @ @¢ © @# 8 * 


Stator Mid-Span Surface Static Pressure 
Distribution (Within-Blade Analysis, 


ee e © © &©& © © © © © © © © © © @ 


Stator Mid Span Surface Static Pressure 
Distribution (Within-Blade Analysis, 
100% Speed) «++-+*+e eee ee 
Stator Mid~Span Surface Static Pressure 
Distribution (Within-Blade Analysis, 
102% Speed) 


eee ee © @ &@ # @ &@© @ © @* © @ *# 


TE es 
Bae vubt Bonde! ah 


ere a asa i. 


nat Herbs 
epee te 
my 
r 
] 
i 
i 
} 


FIGURE 
222 


223 
22k 


ITE EL REEL K TN Te TT TAL THT TS ENT OLE TT TET TNT HM TE A RE Pe 


PAGE 
Rotor Mid-Radius Deviation vs Incidence Angle. . 135 


Rotor Deviation Angle Distribution ........ 136 


NACA Compressor Loss Correlation with ARL 
Configuration #2 Superimposed -- «+--+ ++ +--+ 137 


neta wise meee eee 


SECTION 1 
INTRODUCTIGN 


This report presents the results of an experimental evaluation of the 
single stage, supersonic axial compressor described in Reference 1 and 
modified according to Reference 2. This campressor was designed for an 
over-all stage total pressure ratio of 3.06 to 1 at an isentropic efficiency 
of §1.5 percent. Design tip speed was 1600 ft/see at standard conditions, 
and the Iniet hub/tip radius ratio was 0.75. There were no inlet guide 
vanes. The modification described in Reference 2 consisted of redesign of 
the rotor to incorporate a “splitter vane" between each of the principal 
rotor airfoils. The splitter vane consisted of an ai:foil located circune 
ferentially mid-way in the downstream half of euch rotor blade passage 
and extending full span. 


The compressor tested was designed for diffusion levels beyond the 
range of past experience in both rotor aid stator. This choice was 
deliberate in order to provide a suitable test bed for the evaluation of 
boundary layer control devices applicable to a compressor and to cbtain 
data at values of Diffusion Factor above 0.5. The performance of the 
original design, reported in Reference 3, was extemely poor. The results 
reported herein, obtained after the addition of splitter vanes, represent a 
major improverent in both rotor and stage performance. ‘The rotor performed 
relatively close to, although somewhat below, design goals. Stage perfor~ 
mance was Still significantly short of design ubjectives. No boundary 
layer control devices were installed for tinis test. 


The second section of this report describes the test facility flow 
path, the compressor test vehicle, and the complete instrumentation system. 
Section III describes the procedures used in taking data and subsequently 
in reducing the data. The recuits of the test are presented in Section IV. 
Section V, the last sectiori, summarizes the conclusions drawn from the 
data. Appendix A presents detailed aerodynamic results, including computing 
stations within blade rows, for the data point on each speed line corres- 
ponding to peak stage efficiency. The nest of the Appendices provide 
suffictent data such that any reader wishing to process any data point not 
fully presented here, on wisling to process any data point diff 


erently, 
can, with the aid of References 6 and 7 , completely reprocess the data 
on adapt the raw data to his oun data reduction scheme. 
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SECTION 31 


1. FACILITY FLOW PATH 
“he test facility used is of the open-loop variety. It is 
Schematically shom in Figure 1. Air enters the facility tivoug a 


Tube located about six pipe diameters damstrean. About two pipe 
diameters further domstream, the air is turned 90 degrees with the aid 
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A cross section of the research is shwm in Figure 3. 
The design employs a cantilevered rotor supparted by four 0.5-inch 

bearing support struts with leading edges located otaicr H 
chord lengths dowmstreem of the stator edse plane. ‘The rotor 
tip diameter at is 
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rubs have been experienced, even in stall. The rotar is of integral 
constructicn, the biades and disc being machined from a single forging 
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of 6Al<-NV titanium. The stator blades are individually inserted but are 
machined integrally with platforms at hub and tip. The gap between 
aljacent platform: lies In the range of @ to 0.002 inch. A photograph 
of the rotor is shown in Figury 4. 


3. COMPRESSOR TNS RUMENTATICN 


aeipedlepang iastemecatien in the conpressor consists cf measuring 
points in stator leading edges for total pressure and temperature, rakes 
doumstreca: of the stators for total pressure ani temperature, 2 large 
mamber of static pressure taps distributed on the inner and outer flow 
path and on the surface of one pair of stator blades, and dynamic wall 
pressure measurements made over the rotor vip. Measurements of inlet 
total pressure and temperature, nass flow, telative humidity, and rotor 
speed are accomplished outside of the ccmpressor and are discussed in 
pavagrarh 4 of Section II. The Supersoriie Compressor research vehicle 
ha.: 2 total of 133 sensors measuring aerodynamic parameters at various 
points thruajiout the stage. Refer tu Figure 3 and Table 1 for specific 
locations. ae of the static pressures: are sensed at more than one 
point and are manifolded to beccme, in each cases a single measuremert. 
Figure 5 shows the vehicle instrumentation bulkhead. 


a. Temperature Measurements 
(1) Location 


A total of thirty-nine Chremel-Alumel thermocouples are 
used to Sense temperature. Four are mounted in the plenum, ten are 
mounted in the vane leading edges, and twenty-five are located in the 
five discharge plane rakes. The vane leading edge and the rake mounted 
thermocouples are of the slot vented probe type (Figures 6, 9a., and 10). 

A detailed analys’s of the features of the slot vented design, along with 
recevery factor oharac teristics, may be found in Reference 5. The rakes 
were desisned with the sensors dividing the discharge annulus into equal. 
radiai increments wrille circunferential spacing is on divisions equal 
to 2.¢ times the distance between vane trailing edges. In Figure 3, 
the dischares plane drawing is in error. The temperature rake shown at 

208° 21' should be located at “211° 33°. 


The ten stator leading edge thermoecuple probes are 
mounted on four vanes with two vanes having two thermoceyples and two 
vanes mawvineg three thermoceugles. As with the discharge rakes, these 
probes ac: also apaced to divide radially the stator armulius into five 
equal increments; nowavyer, in this case wlth two sensore per radius. 


All thermocouples were fabricated from individually 
insulated, singls roils of Chrome] ard Alumel wire. Samples were taken 
perlodically along the roils as the thermocouples were made for vehicle 
installation. ‘These sample thermovcuples were calibrated againat a 
model 162 platizun resistance bull primary standard manufactured by 
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Rosemount Engineering Company. A constarn temperature oil bath, made by 
fauda Division of Brinkmen Instruments, inc. was used as the heat mediun. 
The bath was set at four different temperatures within tne range of 
interest. The results, indicated in Table 2, show a worst case error 

of plus or minus 0.5°F at the highest te:perature. 


With thermocouple calibrated as indicated, the entire 
electronic system employed to record temperature data was examined. The 
results are shown in Table 3. Taking the worst case error, at the highest 
temperature, for both the thermocouples an¢é readout system yields a 
maximum error of plus or minus 0.9°F. The wore realistic RSS error goes 
from 0.23°F at 150 degrees to 0.65°F at 350 degrees. Finally, when ‘ 
recovery factor variation is added, the RSS error at 350°F becomes plus 
or minus 1.0°F. Figure 7 depicts the equipment used in the calibrations. 


b. Pressure Measurements 
(1) Location 


Thirty-five static (PS) and thirty-five total (PT) pressures ~-- 
are measured in the vehicle flowpath. Twenty-five of the static taps 
are distributed at various points on the compressor flowpath liners. In 
particular, ten of these are located over the rotor blade tip, starting 
at 9.25 inch axially forward of the leading edge and following at 0.25 
inen axial intervals extending downstream. A further ten statics are 
located approximately mid-chord radially on two vanes with seven suction 
side taps on one vane and three pressure side taps on the other. 


The ten vane mounted total pressure probes are of the Kiel 
stagnation tube design (Figure 8) and are mounted with two sensors on 
each of two vanes and three on each of two other vanes. All are radially 
located to divide the amulus into five equal parts, with two measure~ 
ments per radius. The other twenty-five are impact tubes mounted as five 
yadial rakes of five sensors each, dividing the discharge annulus into 
equal increments which are circunferentially spaced in a memner similar 
to that of the temperatue rakes. An impact pressure rake is shown in 
Figure 9.b. 


Located for use in conjunction with the static taps 
placed over the rotor blade tips are eight Kistler Model Number 603A 
pressure transducers and a Bentley Modei 316 proximity detector. 
Because of problems observed at high speed with the Kistler dynamic 
pressure data, no further mention will be made of this sytem. 


(2) Calibration 


Four Statham strain gage type transducers are used to 
convert the various pressures into electrical signals for processing 
through readout and recording. One transducer is located in each of four, 
forty-eight port Scanivalve sequential pressure switching devices. The 


pressures to be sawnpled are connected tu old numbered ports while moderate 
vacuum is applied to all even (Rourhiry*) ports to minimize hysteresis 
effects. 


. ‘“hree calibrution pressures are sensed by all four 
Scanivalve. on every scan. These are barometric, 15 PSIG and 30 PSIG. 
The 15 and 30 SiG standards are supplied by Ametek Model PK-30 self- 
regulatine, prinary deadwei;ht type, prescure standards referred tc 
atmosphere. ‘the comoute: suftware used Tor data reduction corrects these 
two rauge values apninst variation in local barometric pressure and 
ereates a new *ransducer calibration curve for every scan. ‘Two absolute 
calibration pressures have been adjed to this system for use in future 
tests, and the barometric calibration pressure has been eliminated. 


ec. Readout Electronics 


Data are cusl-cted and recorded through use of a Hewlett 
Packard 2012B Data Acypusition System (DAS). This system is comprised 
of a 2911 ;uarded crossbar scanner, 2547A coupler, 2402A inteerating 
digital voltmeter, 5C56B disital recorder, and a Kennedy 1506 incremental 
tape reccimier. 


As previously stated, pressure measurements are routed through 
four Seanivalve units using Stathan transducers for conversion into 
electronic signals. A “Scanivalve" offers the advantage of using the 
same trariducer to measure many pressures 3n¢ lend» itself to on-line 
ealibration as ‘lescribed above. An interface unit was built to program 
the Seanivulves, along: with: other paremeters,intc the HP DAS in a manner 
which minimizes searming time witnout compromising transduzer settling 
time. Instead of sampling the sare port on 21: valves sequentially 
before st«pping to the next port, the digital interface causes each valve 
to move through its next roughing port tc its next data point inmediately 
after bets interrozated. Each transducer then has ar opportunity to 
settle out at its next test pressure while two others are sequentially 
interropated. This sequence is repeated until ali perts are sampled. 
Approximately six ceconds lanse for the cntire procedure. 


Thermocouple outputs are routed through a Kaye Instruments' 
Modei Ki7% electronic ice noint reference into the interface unit. and 
then to ‘he HP DAS. 


4, TREO FACILITY INSTRUMENTATION 
a. Rotor Speed 
A Pentley Model 206 transducer senses six srooves machined into 
the gearbox/roter driveshaft voupiing. The outcut is fed into a Model 3115 


proximitor ror sipnal conditicning., The proximitor signal is a train of 
pulses havirgt a repetition rute correspondin; .o roter RPM/10. This 
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repetition rate is directly recorded by the HP DAS. A Bently Model 5030 
digital tachometer provides a visual indication of rotor speed accurate to 
ten RPM. ‘The Tachometer also includes an adjustable speed limiting switch 
as a safety feature. 


TEOMA. 


b. Mass Flow 


Inlet pressure is metered through a product series 122 Dall tube 
venturi manufactured by B.I.F. Industries with a 12.687-inch throat. Meter~ 
ing accuracy has been calibrated to plus or minus one-half percent by the 
manufacturer. Static pressure taps are located both in the throat and in 
the inlet cavity. 


c. Inlet (Plenum) Total Pressure and Temperature 
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Compressor inlet total pressure is assumed equal to plemz static 
pressure just downstream of the last screen. Four static taps are manifolded 
into one pressure and recorded on two separate Scanivalves. The Maximum 
error associated with this assumption is 0.06 percent. Temperature is sensed 
by four bare junction thermocouples located in the same axial plane as the 
pressure taps, and supported on two crossed cables. 


d. Analog Ccmressor Mapping 


An on-line plot of stage pressure ratio vs pseudo mass flow was 
effected through use of a Mosely Model 2FRA X-Y plotter. Teledyne pressure 
transjucers were used to sense stage inlet POl, stage exit P03 from a mid- 
radius stagnation tube and hub Pl (measured 0.25 inch upstream of the rotor). 
Operational amplifiers were used to ratio exit P03 to inlet PO] and als? 
to ratio hub Pl to inlet POl. Stage pressure ratio was used to excite the 
Y-axis while 1 - (P1/P01) was sent to the X-axis. The approximate compressor 
map so obtained was used to select a reasonable distribution of throttle 
settings at which to record detailed data. 


e. Relative Humidity 


A. Foxboro Dewcei model 2711 TG~K222 was mounted in the inlet stack 
to monitor humidity. This device continuously measures the moisture content 
of the air by sensing the temperature at which the partial pressure of its 
water vapor is equal to the water vapor pressure of a saturated salt 
solution. The humidity information is acquired by the DAS as a thermocouple 
reading on every test run and subsequently treated in the Phase I data 
reduction program. 
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SECTION III 
TEST PROCEDURE AND DATA REDUCTION 


1. TEST PROCEDURE 


Test data were taken in order of increasing speed, with each 
speed-line being entirely probed before any data at higher 
speed were acquired. The on-line analog x-y plot capability 
discussed in paragraph 4.d. of Section II was used to select 
the test points, since on-line data reduction was not available. 


For each speedline, test data were first acquired at a 
partially-closed exhaust throttle settling, after which the 
compressor was gradually throttled to include stall. After 
recovery, data were taken at several points as the throttle was 
opened trom near-stall to wide-open. Stall ias indicated by 
two sources: the dynamic pressurers across the rotor tip, which 
were displayed on oscilloscopes on the test operator's console, 
and a microphone in the plenum. Sudden oscillations of the 
above-mentioned x-y plotter were further indicators that stall 
had occurred. 


Data were acquired at the rate of about one speedjine per 
hour. On dates wnen elevated speed lines were investigated, a 
single test point at each of several lower speeds was taken to 
assure data integrity by comparison to previously acquired data 
at these lower speeds. 


Prior to each test, an atmospheric pressure reading was 
obtained from a mercury barometer at the test site. The rig 
was initially brought up to speed and then monitored for about 
ten minutes, when it was assumed equilibrium had been reached. 
A five-minute dwell at each throttle setting was observed prior 
to data acquisition. Two data scans were acquired per test 
point on each speedline. 


A lé-character test identification number was manually 
assigned to each test point and acquired by the DAS as the 
first item of information during data acquisition at that point 
@haracter i: last digit of year; characters 2-3: numerical 
month; characters 4-5: numerical day of month; characters 6-7: 
test point numver on that particular date; characters 8-10: 
numerical throttle setting; characters ll-12: last two digits 
of the nominal percent-speed (e.g., 85% = 85; 100% = 00)). 
Where two scans were taken at a particular test point automati- 
cali- each scan bears the same test identification number. 
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Finally, a listing of all raw experimental data which were 
acquired during testing of this stage is provided in Appendix D, 
and all computer input data used for Phases I and II of the data 
reduction are provided in Appendix B. 


2. DATA REDUCTION - PHASE J 


Phase I reduction of the test data was accomplished by 
using a slightly modified version of the computer program 
described in Reference 6. The modifications are subsequently 
described in Reference 3. 


In Reference 6, Equation (11) is in error and should be 
expressea as follows: 


2 
weci, Ya? F 
l- 8B hlya - Yy) 


No change, however, is required to the actual computer coding 
of the original program. 


36 DATA REDUCTION - PHASE II 


Fhase II reduction of the test data was accomplished by 
using the computer program described in Reference 7. 


To aid in the calculation procedure of the within blade 
analysis, a CALCOMP plotting routine labeled DEVPLOT was 
developed to allow better visualization of the deviation angles 
at eaen rotor computing station and hub, mid, and tip stream- 
lines. The DEVPLOT input values used are the final deviation 
angles determined during a within blade calculation. The 
values are given as 4 function of normalized axial distance. 

A complete listing of this program is given in Appendix Cl. 


In addition to the DEVPLOT routine, a second CALCOMP plot- 
ting routine was utilized to plot the stator mid-span surface 
static pressure distribution for each within blade analysis. 
This program is labeled STAPLOT and uses the experimental readings 
of the seven suction surface static taps and the three pressure 
surface static taps (located on the mid-span of the instrumented 
stator blades) as input values. Extrapolated static pressure 
valves for the stator leading and trailing edges are also input 
to the plotting routine. These values are based on the radial 
location of the first and last suction surface static taps and 
the leading and trailing edge calculated values of static pres- 
sure determined by the within blade analysis. A complete 
listing of this program is given in Appendix C2. 
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SECTION IV 
RESULTS 


1. OVERALL PERFORMANCE 


The mass-averaged performance of the rotor and of the 
COmplete compressor stage is tabulated in Table 4 and plotted 
in Figure 12. The performance shown is a major improvement 
over the original configuration tested (without rotor splitter 
vanes) and reported in Reference 3. At 100 percent design 
corrected speed, corrected flow was approximately 12 percent 
low, rotor efficiency was 5 points low, stage efficiency was 
14 points iow, rotor total pressure ratio peaked at 3.47 
versus a design value of 3.35, and stage total pressure ratio 
peaked at 2.77 versus 3.06, respectively. The compressor was 
throttled to stall at each corrected speed shown on the map. 
The data point nearest stall was taken at a throttle opening 
approximately 0.5 percent further open than the setting which 
precipitated stall. This change in throttle area is equivalent 
to about 9.9 percent of the annulus area at the rotor inlet. 


2. BLADE-ELEMENT PERFORMANCE (ACROSS BLADE) 


The radial distritut nsof relatiye let Mach number 
incidence anrie, loss eee re Re fent: aeeieet on angle, and : 


diffusion, factor for both rotor and stator are presented in 
Figures 13 through 82, using Tables 5-11, for each data point 
showr, on the compressor mp. One set of these five radial 
distributions is presented for each blade rcw at each corrected 


speed. In each of these sets, the distributions for all tirottle 


settings are superimposed on each respective plot. As described 
earlier in Section III, this data was reduced using the full 
radial equilibrium equation with the equations of momentum, 
continuity, ete. satisfied at each computing station for each 
streamline. Tnis data, also used for the compressor map, was 
reduced with computing stations only at blade-row edges and in 
free spaces; there were no computing stations internal to 

blade row:. 


3. BLADr-ELEMENT PERFGRMANCE (WITHIN BLADE) 


The tata point nearest maximum stage efficiency for each 
operating speed was selected for more detailed analysis. The 
more detajlled analysis involved the introduction of four addit- 
ional computings stations within the rotor. The data reduction 
was then zccomplished in the same manner as before, with block= 
ages and deviation angles internal to the rotor adjusted so that 
the calculated and measured static pressures along the casing 
adjacent to the rotor tip were as nearly coincident as possible. 
The results of these analyses include plots of the radial 
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distribution of the same five parameters for rotor and stator 
described in the preceding paragraph (Figures 102 through 191), 
plots of the experimental (rotor only) and calculated axial 
distribution of static pressure at hub, mean, and case (Figures 
192 through 201), corresponding plots of the distribution of 
deviation angle within the rotor blade row (Figures 202 through 
211), plots of the surface distributions of static pressure for 
a midespan section of the stator (Figures 212 through 221), 

and a complete erodynamic description at each computing 
station - streamline intersection (Appendix A). 


we ROTOR TIP DYNAMIC PRESSUF‘’. MEASUREMENTS 


The dynamic distribution of static pressure over the rotor 
tips was observed during operation to assess qualitatively flow 
stability during the test. In general, the flow appeared much 
more stable at the higher speeds than was the case with the 
orevious compressor configuration reporte?i in Reference 3. Also, 
as design speed was approached, the dynamic prex‘:ure signal 
measured 0.25 inch upstream of the rotor because very weak, 
indicating that the passage shock had probably been swallowed. 
A few bursts of these data were recorded on wideeband FM 
magnetic tape. However, no further processing of these data 
was attempted since at no time during the course of these tests 
were all elements of the dynamic pressure recording system 
working sat’sfactorily simultaneously. 
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SECTION v 
CONCLUSIONS 
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The méjor conclusion drawn from the reported tests was that 
splitter vines added to the axial compressor rotor accomplished 
their intended purpose of controiling rotor deviation angles at 
off-design, high incidence operating conditions with a satis- 
factory level of total pressure losses. Furthermore, operation 
of the compressor was now close enough to its design point that 
it appeared feasible to embark upon the series of boundary- 
layer-contrel modifications originally envisionei to assess 
their potential usefulness in this type of environment. 
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The dramatic decrease achieved in deviation angle is best 
seen by referring to Figures 222 and 223. The first of these 
figures presents deviation angle at the rotor trailing edge 
mideradius location versus rotor incidence at mid-radius on the 
leading edge for the original rotor as presented in Reference 3 
3 and also for the new rotor. Whereas a definite trend was y 
apparent for the original rotor, all data points for the new 
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rotor fall in a cluster, exhibiting no apparent sensitivity to 
incidence angle. The single data point shown for each corrected 
speed corresponds to operation at peak stage efficiency for each 
respective speed. The second of these figures compares the 
design radial distribution of deviation angle with distributions 
Measured at design speed for the first and second rotor configur- 
ations. wdhereas deviation angles measured with the first rotor 
remained well above design values all along the span, deviation 
angles recorded for the second rotor remained substantially 

lower than design values over most of the span. Only locally 
near the tip was deviation observed to rise rapidly above 

the design level. This might be due to boundary layer separation 
on the outer casing. It might also be due to rotor boundary 
layer and wake fluid, rotating at near blade speed, being 
centrifuged outward and collecting at the outer casing. 


In order to assess the loss characteristics of the rotor, 
it was necessary to divide the measured total losses into 
diffusion losses and shock losses. Reference 8 presents the 
results of a cascade test of a blade section corresponding to 
streamsurface No. 190 in the design calculations of Reference l, 
with splitter vanes added. At design-point operating conditions, 
static pressure along the suction surface of the principal air- 
foils was seen to be nearly constant at the undisturbed free- 
stream value up to the shock impingement point indicating that 
neither precompression nor expansion has occurred uvstream of 
the passage shock wave. Consequently, since the compressor 
stage passed only about 88 percent of design flow, the suction 
surface Macn number just upstream of the shock wave was assumed 
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to be increased above the free stream relative value by an amount 
equal to a Prandtl-Meyer expansion from the relative free stream 
Mach number through an angle equal to the difference betweem 
actual operating incidence and design incidence. Shock loss 
was then presumed equal to the total pressure loss through a 
normal shock having an upstream Mach number equal to the 
average of the relative free stream and section surface Mach 
numbers on any streamsurface. Interpolating between stream- 
surfaces, these computations were performed for blade sections 
at 10, 50 and 90 percent span. Shock loss was subtracted from 
the total loss measured at the same location, and the result 
was plotted in the form of Total Pressure Loss Parameter versus 
Diffusion Factor in Figure 224. Blade solidity was presumed 
equal to the sum of principal blade chord plus splitter vane 
chord divided by the mean circumferential spacing between 
principal blade sections. Shown in this same figure are curves 
derived from Reference 9 and the extrapolation made for design 
purposes and presented in Reference 1. The interesting 
conclusion drawn from this figure is that at Diffusion Factors 
below 0.6, where there is extensive data, the blade section 
including splitter vanes performs exactly as would be expected, 
upon taking the increaed solidity into account. However, at 
Diffusion Factors substantially above 0.6, the blade section 
with splitter vanes continues to perform satisfactorily and 
with losses lower than expected. 


Consequently, the application of splitter vanes to axial 
compressor blade rows has potential for configurations combining 
relatively low aspect ratio with high aerodynamic loading. They 
should be suitable for stationary as well as rotating blade 
rows. They may also be suitable for fully subsonic blade 
sections as well as supersonic sections for which the concept 
was demonstrated. Although the rotor performance reported 
herein was good, the daa of Reference 8 indicate that the 
splitter vane design was not optimum. The simple approach used 
for this splitter vane design, which consisted of duplicating 
tne camber line of the principal airfoils and locating the 
splitter vane in mid-channel, resulted in very poor pressure 
distributions around the splitter vane, including re-expansion 
to supersonic Mach numbers according to Reference 8. It appears 
that a splitter vane carefully designed in the cascade plane 
might produce much lower losses than reported herein. 
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TABLE I (continued) 
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TABLE I (eontinued) 
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TABLE I (concluded) 


RAN EERE EIA O CANE RE FONT ET RTO ERR ARTY ATID EN OS REPEL NY LY WONT EAPETIN TH Lat ea = 2 
TABLE II : 
CALIBRATION GF SAMPLE THERMOCOUPLES 
E BATH SET pt AVG. OF 9 SAMPLES MAX. SPREAD E 
& oC oF oF + OF 4 
E: 3 
4 65 148.1 148.4 0.1 : 
& 160° S734 210.9 0.1 
; 150 200.8 301.4 0.4 
: 175 346.5 3h6 UW 0.5 
= A Gil Bath Set Pt. | 
E : B Mueller bridre readout converted to temperature. , 3 
i Be 
| 4 
i } 4 
E 4 4 
| | § 
TABLE III 
CALIBRATION OF TEMPENATURE READOUT ELECTRONICS 3 
SET PT. PRINTER OUTPUT MAX. SPREAD | 4 
Ave °F Ave* °F + OF i 4 
% 3 
148.2 148.3 0.2 baa 
21057 210.7 0.2 E 
301.7 391.7 0.3 
345.4 345.5 0.4 | 
+ Average of two calibrated T/C's. 


®# Average of eight channels. 


iM, pat 
ED Bente hs 


ae 
fi 


tez2°2 2 e os 
ie OtHs°2 eeuys eye se ieaitels Tete soz ZUCSTECHZTOS 
0299°%2 geee* 2 Laan eescéle 208 “TEOe2TCE 
S5%5*2 oceg? ese re £°ee~02 OONSTMTEZTOE 
9202°2 22eg° Teg °F Soeece Reet ene COrststs2tos 
4669°2 Thang? L241" pees GeEt* ec COLGTITEATOE 
026%°2 ogee (23h°2 oe Peete e ONC STET 2tre 
pesn*2 peewee gabe? ae ee 2°eseed LUCETELEZTHE 
D42%°2 peng? [£362 shee Teoseet SES STENEZTCE 
n9s2°2 were (osass ae ree meen et CBEST EOE ZT EE 
DazEere oses* 0259%2 ae HOE EST CEZETHTETINE 
osor*2 ga+¢* cs3oee are *te HOSEL CT ORE GTZTETIOL 
09922 pores Ceasee alk ed SPGEST CHLSTSTE FICE 
6E2T°%2 oFOS* eee eee re O*eLErt CEC STETET IO“ 
ocote2 agg? errr greta ZeEOE LT GOsGTercttas 
S90T°2 z90¢° 1TeMe2 eaeers 2°€TES at CSUSTACETTCE 
264T%2 2296° ce rnee epee te o*tme et GGESTOTETTOS 
p2s0%2 Deee* (922% aL sereyat EHESTESETTOS 
o900%2 osas° CEz2°? Ea e°e2Eet OGEGTSIZOZTZ 
0296 °T osee* te?2° sea bef eet Gres fteteozt2 
0%96°T 0628° later? ceaee teetset CF LoTETLI2T2 
d0te°T osoe° LEtB tS aaa ee eet OeGaTOTLIZIZ 
OhDR*t Dreg® C328 °T od corres} Petatecacetz 
ones°t oses° 026°% ests ae est Cee GTEnecetz 
( o£22°% o6se® reseet Meee Tesezet FACET AO UN2bE 
AR etoz*t oees? vEeste*t Oeuret tosh 2rd Ca05tacecete 
Hf ° : : aids becfet CAZveceoet a 
ii eced*t o0Ce (£$6°t jeqe Cete2 at 
Y acas*t 296° ents} aa ele heCotersozt2 
hoy 0225°3 ope? Leet nen Ss 2eurzet DOL ATETE D2TE 
i 069S°t ot0n° roms ee yere2et crate teoetz 
‘ doenet The 15299 Reosee zrehzzt ucectstenzt2 
7 Oten*t etre: ; eaeg ae 2.7273 Nef 2tete j2t2 
a 00%" pete ’ ty ee €etz2et Conte ter2t2 
i g2oe*t asze* Leof't Sees Fete2et o90gtetco2te 
: eters otze* patest ofc *Et £°Fe TCT ofz2tztsnat2 
i ozze*t oote® cones Geri es Sere TCT OS24TTTE DeT2 
is otec*t orse® Patnet Me ee rez OT OSbStOteorte 
. oren*t oere* esteht 92° 8% SOCET ET NEZTEDS HATZ 
g otse*t oote® reoNes ore ret C PEF ECT COLETHOE J2TZ 
one2*t oggs° te42°t ree: Sent But LECLTEDS D2kE 
serz*t noes? pesa*t eas Leeete ane aregenet2 
eer2*t oscee resesy ees eee ANZUTENE NATE 
octe*t oane® tps2*t oor secete arestore o2te 
ost2°% oete® Lee2et eee geyets racerEng gate 
i enetet orse® 24 O22 ° ts ent, Creetere i2tz 
Ctre*t 04a°T? supe PAEELT MC O2atz 
AONDIOTSSI §OLLVe BUNSssud AUNAI9OL 942 F 4 7 
eaceesacen F9YLE eccaceauce sibibabieinead ee ese ee pee be *c*y yerg 


TIMAMOASd WOSSSIdNO) CIOVUZAY SSW 
Al JWVL 


| SAAR ec ne A Hee 


> aia eal, cin a ltt LAN, 


INV Nd SL BO 


« 
SNI3INIS 
3NO09 d3alveosuad 
J70NNG 3ENL 
3LV1d GALVUOsNSd ra 


S3NVA SNINUAL 


19 


cae a a el 


" ORRIN TTR SALT ROR MEME arm gD 
bi ies ole ie hl 


ALIN Wd 1SaL °2 RWNSI4 


aperegenet a2gestia | 
Biarawe 


Piper fa ey 


ee ee ey Te: et 


a | 


ee Se 
Se icenenacenmmtmeneneemns ate nate 


i ‘ 
Hi 
bial 


OE Nie a ee Ee EE aN EN og ee ee Sey ee ee 


Se  Aegge ee e e 


ee ae eae ee 6 ee ee a ee eee Fee 


FIGURE 3. COMPRESSOR CROSS SECTION WITH INSTRUMENT/ 
LOCATIONS 
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FIGURE 6. 
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FIGURE 8. KIEL STAGNATION TUBE DESIGN 
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COMPRESSOR PERFORMANCE MAP 
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FIGURE 11. 
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FIGURE 27. 


ROTOR DEVIATION VS OUTLET RADIUS 


(40% SPEED) 


FIGURE 16. 
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DISTRIBUTION CWITHIN-BLADE ANALYSIS, 100% SPEED) 
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APPENDIX A 
PHASE II WITHIN-BLADE ANALYSES (COMPUTER PRINTOUTS) 


This appendix presents the aerodynamtye results (in the 
form of computer printouts) cf the Phase I1 within-biade 
analyses for the ten tést polnts selected for that analycis. 
The printout of input data which creceds the mutert*ul presented 
herein has, been removed In order to keep the num oo. of pares 
to a minimum. The input data used in each of these anaivecs 
are presented in Appendix B. 
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APPENDIX B 
COMPUTER INPUT DATA FOR DATA REDUCTION 


SECTION 1. Common Phase I Data 

Common Phase fi Fixed Data 

(Log 1) Across Plade 

SECUYON 3. Common Fhase LI Input and Test Point Data 
(Log 2, Lor 4) Acrsss Blade 


SECTION 4. Common Fhase IT Fixed Date 
(Log 1) Within Slade 


pECTION. 5% Common Phase IT Tnput and Test Point Data 
(Log 3, Log 4) Witnin Blade 


SECTION 6. individual Test Input Data 


a. Exceptions to Section 1 Data 
(indicated by (1) ) 


b. Exceptions to Section 2 Data 
(indicated by (2) ) 
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(indicated by (3) ) 
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SECTION 1. COMMON PHASE I DATA 
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$ 64 
O66.8080 S76.8008 200.8068 290.0888 652.0068 496.0008 £96.8888 498.9698 
5O6.060@ 502.8068 SO%.6868 506.8806 506.6808 516.0008 $12.6806 314.0868 
51600668 510.0608 S20.068€ SZ2,.0608 526.8868 S26.0808 S$26.908@ S50. 2888 
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SECTION 4. COMMON PHASE II FIXED DATA (LOG 1) 
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STATION 17 SPECIFIED 3¥ 2 POINTS 
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BeG2it -6268334 -3683 03280 «1026 
823838 72323885 719981 203160 £1038 
8e%364 -04.5226 -1.7009 299140 21032 : 
goers SOR Cet IHRE | 
$3339? 788:9352 «2328028 «© 832e8 24882 
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RAOIUS BETA EPSILON SLOCKAGE THETA 
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763352 -55.4640 162241 214230 2016 
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6e%530 -59.2396 228362 ef 760 001432 
sa iiss EU HERS HEE 
Blades =ehsaene «© -98893 «222828 28458 


STATION 7 


(4) 


° 

w 

| 
MANNA FoOWM 
MING 


Go ek Oe WO NNW 
efeeeeoveecens 
NPULS WNMROG VOW Ee 

& BOF WNMOOUKaud 


WOES TO 
+ NIUE NG 


(4) 


+4 
Cc 
uv“ 


NENA OG 


(4) 


STATIUN 3 


eeeeeeeeenees 
FUNKRRPOOWONG 
U NUONE UL UW iu 
WOE WE NNOOW 


Ww 
OL WWNNGNWOS WH 


w 
ae YY) 
Wen 


ww 
e 
Co 


STATION 2a 
STATION 11 


7. So4u 


e 
Cc: 
iv 


Nwe Ne Mu SE 
MOAwrn: 


oO Ni 


Be Wen wy 
coereene 
CUAWNRPOD 
PE NE Se, 


NCALS = 2 
3cT4 


42.4539 
“4302304 
a4 323 


8 

+ 

+ 

e 

OWN wos 
Wi 


Sw Vite 


rmoNOW 
NWN. NN 


"906 


wee Ow 
NNW was OW NU. 


‘ 

vs 

[7] 

e 
Wis os 
NL 


< 
o 
a 
i aad 
Ca 

‘ 


SETA 


we 


¢ 
rey 
n 
e 
UrPum ff, 
y- 


4 
~ 
ws 
e 


e 
[ws 
+ 
e 


4 
ry 
iS) 
J 
INUIN COON at 
WwW ty: 


Cen 
op pere 
aotonw 
NONMG wre 


¢ 
Nn 
wet 
YONENEZOHE Guu 


$2 Gus 
Vinswur 


6 
hw 
fs 
2 @Ceereeseecoce 


= 
€2 
p=) 
r 
ee 
‘ 
~~ wo 


AoW wo'e 
WENN, NOR 


6 
SP Fa tepe = pe 
eeeeeeceeece 
NCHV.O0 NIN ccs 
SW HM OONDE FONE 
$fenurogy: 


WOON 
UMP OCONEE SWreoOWaoN 


HOATA = 15 
=PSYILON 


NWOVUNGOWY 
Ooo 
Fwonwe 

VWOONY wiv 


CROSS 
NE NOT 


tH pepaper 
WANE Ww NVI 
e@eeeeeeeco 


WOO Oe pee 
VL WWOOMONAIP 
4 ViONE FMP CRey 
WO GING Vue ra: 


ty 


if 
v 
uw 
aad 
= 
> 
= 


ereees 
mNWWE 
PRoONW 
e@eteeveecese e 
NUING UO 
VONOMMG s QUI 
WLWEWA O 


F WOW 
C UNG ONY Ga 


Fen 
oremw t 


15 


N34 2 3 
SLOCKAGE 


tops pt popape pe 
10 OD OO he Choy 
OVW OF DOWG@NUIO: 


NBL = 3 
ILOCKAGE 


016500 
015501 


e 
+ 
oS 


e 

pope 

w 
NO UI 
NNO 


PA ed pe bb pen pe 
Ore nw 

WV OWE OKe 
Seoans now 
NEY LROONNRWG 


Vs x 


wo Pepe 
r oo[nse 
o 


=z 


= 3 
3LOCKAGE 


e 
te 
+ 
= 
Oa 
N 


COUMGEa 
Wau e te 
OWoLCoOrreG 

MOAVUNGea 


Qu 
WPONCNC Sou 


WS WWowe: 
Fe vrnoon 


WOOF DW 


z eereeereeeneeeceace 
NOUS 


Ww WBOumamoan§ 


r 
" 


1 
N3L ==9 
3LICKAGE 


Prepress peppy 
PWWWWWEL NO 

NAWUID Sane 
SABWaNNAWE 


SCOGOGUwwICWoOd 
wow 


TH 


“nn 
o +4 
tod 


>] 


totes eoceaons 
Ceoeeereeaces 
QEQOMeSOESoC0o 
COMO EE, UL 
nN Seaocea 


¢ 

e 

(—) 
GC Ww 
Hoos 


HOOD 


NONNOFONMN EDN 


¢ 
e 
o 
Nhe WW Wen Oo 
VAMUHMOMR wy 
SSM'Ns CWE NEw 


t 
e 
roy 
Sooow 
Oro~ 


~ 
=z 
my 
~4 
> 


eeooe 
eee 


e 
Oe ie pe he pe, 
Pope Oo 
WHPrMOwWnNT 
BNMN GE oop 


b+ b> bpd pe pope pe 
WEN Hee 
anuInocoaw 
NON OP NUT 


“4 
zt 


Oar 
aNNNNNOWO 
aNNENA~:. ~1 

NNONONWNNGW Pp 


Vico 


#200900 


a 
ed 


— Re ot Oe 
PO ee a ae ee Rea 


EES ee 


STATION 12  NCALS = 2 NODATA = 10 N3L = 0 


RADIUS SETA = EPSILON «= BLOCKAGE ~—s THETA 
705113 3407293 25,7556 11853. 9549 
26336 3359962 3603903 StRBFE == 8549 
Po7360 «32.8982 -2352637 %o9292 729962 
peQ799 S4e3a7d 1602152 o08002 6-2 9537 
800036 3024237 —=3ibG54 3929 3500-20301 
Bei 83 23.6951 -2.9737 296 392 "e 286 
$62354 24.4235 553758 206968 = 40285 
S20) HE eR HP ae 
scegsa | $326932 $2:3632 333828 228333 
STATION 13 NCALC = 2 NDATA = 10 N3L = 0 
RADIUS BETA = EPSILON §=3LOCKAGE ~—Ss THETA 
205909 16.6561 = -=9,. 9376 264 - 
726256 1os338Fo -issosoe 46 $2644 723338 
207304 «f500649 =920207 2059770 © =2a5 
‘ 78752 1369238 “6.7565 098599 -,0076 
' 800902 1557355 -327730  Sorasi 2+ 9063 
j gohe23 13039033 -1.1768 037436 -20055 
$623501 13-3515 03493 = 607308 43s = S000 
aspage §2e593e, «283832 ar bus 220078 
322382 39-2301 1000593 aguee 728899 
STATION 144 NCALS = 2 NDATA = 10 NaL = 0 
aoIUs 3=TA EPSILON S3LOCKAGE THETA 
05000 = 404731400973 5. 08357 00026 
206250 = 401107 == 151013 07496 9027 
: Po7300) 893058530 =35183 0) Suede 20030 
708750 4 §©=6 343057 3=— = 3527 “36023 -0032 
St ele ee a 
a35o¢ | 523843 221363 0393393 :BO36 
803751 203779 ~23984 095419 00036 
865001 = 364370 333550 303797 0037 
$00251 346112 -120923 398404 20040 


STATION 15° NCALS = 3 NODATA = 10 NL = 1 


RADIUS 3cT4 =PSILON BLOCKAGE THETA 
7.5000 6.7608 00181 090994 00061 
726250 7701856 20202 030979 ©9002 
07500 °7 26888 00189 attr) itt 
7.8750 “801755 00121 00 32 090 ‘ 
320000 “8.6005 20076 0093 0.000 
301250 =8¢ 385 ¢0039 e00923 0.0000 
8.23509 3° 593 -.0026 tee ae 000 
$3750 ~920533 e113 0 F 4 00000 
6.5000 -3.1336 #29255 000884 20001 
326250 -9.2331 -20418 ©90673 00002 
STATION 15 NCALC =-0 NOATA = <9 N34 = 24 


STATION 17 NCALC ==0 NOATA = <9 NBL = 14 
ROTOR GENZRALIS.D PERFORMANCE LOSS 2 POINTS DEVIATION 3 POINTS 
{-COORO LOSS COEFF/TOTAL LOSS COEFF 


9.0000 0.0000 
1.0009 1,00L0 


(4) OUTLET RADIUS = 745499 
4*COORY DEVIATION ANGLE (OZGREES) 


aq don TAI AeA sane hana nen hata Aetna teams aoennone vamelrerer etre CRE Se 
: : ere TPRTELP SOREL ‘ 
: cia so . = 


20 ~5.1750 
2000 321588 
¢8000 -4.7700 


jaa tar ele eS eh ok ot led od nll oa 


(4) OUTLET RADIUS = 7.7343 
M=COORD OEVIATION ANGLE (OEGREES) 


©2000 520750 
©4000 6.5420 
«8000 =-4&.7060 


(4) OUTLET RADIUS = 7.9335 
M-COORD DEVIATION ANGLE (DEGREES) 


©2000 -5.1000 
«4000 4.2339 
28000 ~%. 6500 


(4) OUTLET RADIUS = 8.1919 
M-COORD UJEVIATION ANGLE (OZGREES) 


©2000 523750 
04000 ~5 07420 
©4000 =02 5890 


(4) OUTLET RADIUS = 6.6599 
4-COORD dEVIATION ANGLE (02GREcS) 


«2000 -5 23250 
«4000 12.3300 
«8000 -25-0850 


STATOR GENERALISED PERFORMANCE LOSS 2 POINTS DEVIATION 6 POINTS 


M-COORO LOSS COEFF/TOTAL LOSS COEFF 


0.0000 0.0000 
2.0000 21-0008 


OUTLET RADIUS = 0.0000 
4-COORD ODZVIATION ANGLE (OEGREES) 


0.9000 21000 
22000 e1100 
24000 “1500 
att $3600 
1.0000 123838 
NUMBER OF TEST POINTS TO BE ANALYSED = 1 


(5) PSCALE= 1.00 PLOWER= 14.00 DAMPF2 5.000 NSAVE= 4 NNMAX= <0 MFORCE= -@ NEX= 2 
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SECTION 5. COMMON PHASE II INPUT AMD TEST POINT DATA 
(LOG 3, LOG 4) WITHIN BLADE 


JEST QATA_PSENTOUT_ £98 COTGT NOa_.3 


TEST POINT TITL: 


AS CONSTAN 
ve a8 PNler1on 
FLOWRATE 
ROTO2 SP=z0 7 
WLeT TOTAL exessuge 
“be TOTAL _ToMP=RATURC 
N/T INCSTOD 
P IN/P INCSTOD 
ROTOR OUTLeT TOTAL PRESSURE ( 5 POINTS) 
RADILJo P2:SSU2z 
703720 2043330 
§¢9019 20.3338 
8.1210 24, "5048 
8.2349 28 £525 
3e37190 Dew 6 & | 
QOTu? WTLe. TAL TedPrzaTURE ¢ 5 POINTS) 
RADIUS T4PERATU RE 
7.8710 2720227 
8.9010 52202072 
arte 0 3730375 
02310 22 4049 
8. 3710 3730000 
STAGZ OUTLET TOTAL PRSSUXTS ¢ 3 POINTS) 
RAJIUS  MiAW PZS — PLAK PAIS 
7.30900 2001902 2006443 
729390 20.9019 005303 
pale ae 
8.0420 30.129 a apett 
STAGL JUTLET TOTAL TZMPcRATURCS ( 5 POINTS) 
RAITIS Ti 4ZRATU RE 
ot Se 
2 
532300 3539433 
802309 5720037 
Bewed 0 2730322 
STAG: JUTLZT FLOW ANSLZES € 1 POINTS) 
RAQIIS ANGLE 
0.0020 0.000 
CASING STATIC PxcsSuU%zS (1% POINTS) 
X=C9IKO PRESSURE 
-2.0009 1494017 
reat Q 14%e3057 
6.8 @ Lees 73 
02539 14.7775 
et a 
? 
eat ae 
2 
125000 1222333 
07390 190843 
$0009 1953033 
223530 50558 
7230 17.7205 
5e13516 17.7205 
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SECTION 6. INDIVIDUAL TEST INPUT DATA 


a. EXCEPTTONS TO SECTION 1 DATA 
(Indicated by (1) ) 


Test Point Number Exception (1) 
212050109840 14.1590 
212050213440 ay 
21205021509 mn 
212050415047 m 
222050516240 bide 
21205061644. mn 


212050615056 14.1590 
212050815750 us 
212050916250 igs 
212051015050 ibis 
212051114250 is 
212051212250 we 


212051415060 = 
212051514360 bid 
212051612960 nn 
212051715560 hd 
212051815960 wit 
212051916360 on 
212070215070 14.5035 
212070314770 ae 
212070615070 at 
212070715670 att 
212070815970 oe 
212070916170 hd 
212071015080 14,5035 
212071315080 mn 
212071415580 mn 
212071515980 an 


301180915685 14,2208 
301181015885 nn 
301189615085 mens 
301180815 385 en 


301181515590 14,2208 
301181615790 a 
301181715890 ne 


301181415290 “— 


E 
: 
e 
; 
c 
| 
} 
4 


301230615095 © 1097 15.0097 15.00 30.00 
301230015395 " ere fete ett 
3012 30515695 ee ters fete et 
301231515600 5.0997 15.00 15.0 

301 2216157090 Ln) thee 97 He : 20200 
3012313315200 ter fore vote iene 
3e 231415400 ree rene fon ttt 
303 240815 302 tert tree tere tet 
391249515602 vert tte ett tte 


NR ee i ii 
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ee ee. a eG 


b. EXCEPTIONS 0 SECTION 2 DATA 
(Indicated by (2) ) 


| 
| 
7 


z 
Test Point 212050109840 
Station NCALC NDATA NBL 
\ 1 15 1 
5 i 15 1 
6 0 0 1 
7 1 10 1 
8 3 10 1 
: 
; 
Test Point 21209213440 
Station NCALC NDATA NBL 
i 1 15 1 
5 i 15 1 
é 0 0 1 
7 1 10 a 
8 3 10 1 


Test Point 212050315040 


Station NCALC NDATA NBL 
4 1 15 1 7 
5 y 15 1 4] 
6 0 0 1 i 
7 i 10 1 j 
3 3 10 1 i 
’ Test Foint 212050415940 1 
Station NCALC NDATA NBL i 
ly 1 15 1 i 
5 y 15 1 ; 
6 0 0 1 
7 1 10 1 
8 3 10 1 { 
Test Point 21205016240 | 


Station NCALC NDATA 


Hee he Be 


alt ad 


Test Point 


Station 


ON AW 


Test Point 


Test Point 


Station 
Hf] 


5 
6 
7 
8 


Test Point 


Station 
y 


OVstion 


212050616440 
NCALC 


WHO lH 


212050615050 
NCALC 


WrO rH 


212050815750 
NCALC 


WHOOP 


212050916250 
NCALC 


WHO rH 


212051015050 


CALC 


311 


Test Point 


Station 


ON NWN 


Test Point 


Station 


CON NAN 


Test Point 


Station 


CONAN 


Test Point 


Station 


ON AW 


Test Point 


Station 


COON NU 


212051114250 
NCALC 


WHO Le 


212051212250 
NCALC 


WRrRO Le 


212051415060 
NCALC 


WHO SHY 


212051514360 


NCALC 
ZL 
4 
0 
1 
3 


212051612960 
NCALC 


WHO lH 


ree Pee BF Hee Bi Hee 


re eee 


Test Point 212051715560 


Station NCALC NDATA NBL 
4 1 15 1 
5 4 15 1 
6 0 0 1 
7 x 10 1 
8 3 10 1 


Test Point 212051815960 


Station NCALC NDATA NBL 
4 ai 15 i 
5 y 15 1 
6 0 0 1 
‘ a 10 1 
8 3 10 1 


Test Point 212051916360 


Station NCALC NDATA NBL 
y 1 15 5 
5 4 15 1 
6 0 0 1 
7 i 10 1 
8 3 10 1 
Test Point 212070215070 
Station NCALC NDATA NBL 
4 1 15 1 
5 4 15 1 
6 0 0 1 
7 1 10 it i 
8 3 10 1 j 
3 
fest Point 212070314770 : 
Station NCALC NDATA NBL : 
1 15 1 4 
4 15 1 j 
0 0 1 
1 10 1 
3 10 1 
313 


Test Point 


Station 


ON QU & 


Test Point 


Station 


Onan & 


Test Point 


Station 


ON NU LE 


Test Point 


Station 


DON NW & 


Test Point 


Station 


CON NU & 


212070615070 
NCALC 


WeroO ltt 


212070715670 
NCALC 


Wronrt 


212070815970 
NCALC 


WRrO fbr 


212070916170 
NCALC 


WRO Er 


212077915080 
NCALC 


WrO fr 


314 


Her Pee 


weer 
| 


Pe SE LT ee ane ee 


Test Point 


Station 


ANNU & 


Test Point 


Station 


CON QWN 


Test Point 


Station 


CON AU & 


Test Point 


Station 


BNIvnn 


zest Point 


Station 


CNN 


212071315080 


NCALC 


WHOLE 


212071415580 


NCALC 


WHO le 


212071515980 


NCALC 


WroOoOltkH 


301180915685 


NCALC 


WrROLrRr 


301181015885 


NCALC 


WHO kr 


315 


—_ 
rue & hee ree re 


Hero ml 


rf 
{ 3 
i 3 
i4 
i 
13 
ig 
( 

iow 
: 


FAA OE der Rictenere de tert Winn ene o 
a . eats’, 


CEE ee Se a ee) ee ee TA Rye ee CE ER CS RR 


Test Point. 


Station 


ON anu & 


Test Point 


Station 


ON ”WU & 


Test Point 


Station 


aN nN & 


Test Point 


Station 


ONAN & 


Test Point 


Station 


See ek 


301180615085 
NCALC 


We OoOlfy 


301180815385 
NCALC 


WHO lr 


301181515590 


NCALC 


WRO fr 


301181615790 


NCALC 


WHO fr 


301181715890 


NCALC 


WroOo flr 


316 
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ST a ee eR ee 


PPro g Perro fi 


oo°o0ok 


ooooof 


oooo0f 


Test Point 302181415290 


Station NCALC NDATA NBL 
\ 1 15 0 
5 ui} 15 0 
6 0 ) 0 
7 1 10 0 
c 3 10 0 


Test Point 301230615095 


Station NCALC NDATA NBL 

4 1 15 0 

5 7} 15 0 

6 0 0 0 

7 1 10 0 

8 3 10 0 
Test Point 301230415395 

Station NCALC NDATA NBL 

4 1 15 0 

5 4 15 0 

6 0 0 0 

7 1 10 0 

8 3 10 0 
Test Point 301230515695 

Station NCALC NDATA NBIL 

4 1 15 0 

5 u 15 0 

6 0 0 0 

7 1 16 0 

@ 3 10 0 
Test Point 301231515600 

Station NCALC NDATA NBL 

4 1 15 0 

5 4 15 0 

6 0 0 0 

: 7 1 10 0 

x 8 3 10 0 


fe Pee My ee: 


dees 


Test Point 
Station 


CON AM & 


Test Point 
Station 


COON OU 


Test Point 


Station 


CON NUT & 


Test Point 
Station 


CON ON 


Test Point 


Station 


301231615700 
NCALC 


Wrote 


301231315200 
NCALC 


WrerOLlr 


301231415400 
NCALC 


WrO > eH 


301240815702 
NCALC 


WHO fe 


301240915602 


NCALC 


ooooof 


c. EXCEPTIONS TO SECTION 3 DATA 
(indicated by (3) )} 


Test Point 212050109840 


PSCALE = .50 PLOWER = 14.0 


RR 2 eee eR ene e e eny eee wareeey ~ 


CISTRIJUTED ALCCKACGE SPECIFICATICN 


— 


STATICN ALCCKAGE CISTSISLTICA FACTCR 
ee 
1 Cooceec 1.0600 
es 
2 LetlCob 1.0062 
anor nen 52-2205 
b C8004 1.0069 


7 SOUGEE 41.0200 
ae Semen ° al : c * 
g eDEGUS 1.0600 


----tt tenon one 
SCEUTIE GN FYFE HBT EATERS 


STATICN 1 2-3 & 5 € 7 @ 9 af: -- 
NMACH 2 u of =f -9 ort) -0 -f “f «Cf 


ee «NER ROTTEN 


Test Point 212050213440 


PSCALE = .50 PLOWER = 14.0 
CISTRIEGUTCLC BLCCKACE SFECIFICATICN 


STATICN QLCCKAGE ODISTRIGUTION FACTCR 


4 Co8tboG 1.0009 
ae Heine t6te———— 
z GeCLCSO 1.00006 
Fo CEES CS sacar 
g 88090 1.€0G0 
St - 
7 eo b8CEG 1.6050 
See enna . 
S eGS46C6 41-9660 
tt $ 


SOUT ONE ENDER TORS 


STATION 4—2--3—__*->» 6 7 8-9 2€—-- 
AMACH o Cou of 0 90 FC 9) 9G of 


Test Point 212050315040 


PSCALE = .50 PLOWER = 14.0 


meee ems ee: ae a nee ne 


CISTRIBLT=C HLCCKAGC SFECTIFICATICN 


— 


STATICN SLCCKAGE UISTRIGLTICN FACTCE 


4 0.0LG0E 1.0060 
eu 
3 0.06626 1.0006 
ig $$ tet ttt tt 
5 2080S 100200 
ou80ce 1.6860 
S 05456 1.0000 
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z ce0eroc 1.6000 
3 Ce OCCOG 400060 
4 0.UGCOv 14,6000 _ 
b 202750 C. COCO 
E 6 003756 C.00ce 
7 207560 4.006 
Q o 24006 1.6000 
g 05400 1.0060 
ios, 2 605400. 1, COCO 


SCLLTIGN TYFE INCICATCRS 


STATICN. 1 2 3 & & € 7 @ 9 1¢ 
NMACH b @ -G -C -G <0 -0 -8 -0 <0 


Test Point 301230415395 
PSCALE = 2.5 WER = 13.0 DAMP F = 5.0 
CISTRIGLTIC SLCCKACS SPECIFICATICN 


STATICN SLCCKAGE UISTRISLTICN FACTCE 


1 Ceotulcl 1.CdCd 
é cetcCac 120660 
€ CeSclul 1.CdCo 
4 eebil CCl ae€fCo 
5 ecc75e C.CCGG 
t oud 7hO0 0 Le fOfd Lk 
7 ef 7ERC 42c¢060 
t oc€€CC 1.€8CC 
¢ eb Sbul i1.CuCd 
dv Pah RYE 1.(960 


SCLUIICN. S¥f£e is CICATCRS 


SPATICN: 2: ce (Sa yb B a2 eh 2 AE 
KM ACK 2b ee ed 0 eG. £0 eh 
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Test Point 301230515695 


FSCALE = 2.5 PLOWER = 13.0 DAMP F = 5.0 
DISTRIBUTED BLCCKACE SPECIFICATICN 
STATICN @LCCKAGE OISTRIBLTION FACTCR 
1 0.00000 1.0000 
3 G.00000 4.00060 
= ots 
5 005000 C0060 
ae <1 
7 018000 1.¢000 
a8 & 
g 005490 1.00600 
—__ 16 
SOLUTION TYFE INOICATIORS 
2 3 & 5 € 
AMACH § 0-0 -€ -9 -6 -0 -G -0 -6 
Test Point 301230615095 
PSCALE = 2.5 PLOWER * 13.0. DAMP F = 5.0 
CISTRIBUTED BLCCKACE SPECIFICATICN 


i 

2: 6.80060 1.6066 

3 C.G0000 1.0009 

4 - 0.00000 1.60060 

5 002750 G.COCO 
—--6 -- -- £83758 0.8080. - --- 

? 007500 41.0000 

8 o2€500 1.00060 

S 05400 1.0000 

40-- - 205400 120000 
—SGLUTIGN -FHFE—INCICATCRE - - ee mee 


STATIGN-4-2 3 4 5 € 7 
NMACH 0 


@ 9 16 
0-0 -C -0 -G -0 -0 -0 -0 
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Test Point 301231315200 
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Test Point 301231415400 
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z= e35340 ueCCCC 
' 0 ibCu9 1.C€90C 
o ecorul 1.CeCC 
4 ede 30 1.-CCCC 
pi “eG hyD t. Cote - = 
SCLuPiue TYP 1: cISAT ORS 
STCTICd. Al 2 Gee OR ge ee 13 
MAL Pes we Leb mC eb -5 “fb 9G 


PLOWER = 12.0 


2 oSPICIFICATICH 
CETateinbTiun FLCTER. 
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Test Point 302231515600 


PSCALE = 4.0 PLOWER = 12.0 


“OTSTRIGUTED BCOCKAGE SPECIFICATION 
--STATLION. --BLOCKAGS—DISTAIBULICA-FACT OR 


1 0.00000 1.C00C 
r) 2 Cott 
: heaett tty 1.9000 
RA 
6 ©5000 0.000C 
PE: ce eae Ut tS Amen tas 9 a aes 
8 022000 1.0000 
3 0854290 1-CG0C 
en? 9) Seer aT ° 
—SCLUTION TYPE INUISATORS Sanit aee 
STATICNH 1 2 3 4% 5 € 7 8 ¥Y 10 
-~ NW ACH. Q well QoQ. we _9 Goff of ow Q -- 


Test Point 301231615700 


PSCALE = 4.0 PLOWER * 12.0 


DISTRIGUTEO BLOCKAGE SPECTFICATICN 
STATION. BLOCKAvE —JISTRIQGUTICK FACTOR 


1 9.00000 1.Ccoc 
2h —tetret 
3 0-000090 1.9300 
Pn. are 0e00000 # .._ _4 eee 
5 2 05000 oCQOC 
6 e 05000 2.6000 
a Seen: SE sener nereees 
8 226000 1.0000 
9 005600 1,C0CC 
r) otter _ 


SCLUTJON TYPE INDICATORS 


STATION 1 2 3 » 5 € 7 9 9 10 
NVACH —«- 9a QQ 90 2G 9G 29 of 2g 


DAMP F = 4.0 


DAMP F = 4.0 


Test Point 3012403815302 


PSCALE = 4.9 PLOWER = 12.0 


CISTRIGIT 0 SUOCKAGL SFLCIiFICATICN = 7 
STATICN .GLCUKAG. OCLST*1LUTach FACT Sn | 
Ge 93NI8 1.¢c0C 
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Test Point 301240915602 


PSCALE = 4.0 PLOWER =12.0 


CISTI tUTLG BLOURAGE SESCTEICATICN - - 
STATECA. bochkay. CISTSISUTICA. FACTOR 
0.900; 1.0305 


Be birdy —. -——- tet —_—. 
i. 


ca 
[one 
cc. 


om 


& 
eeweweeestk ® 


of cL. 
| 


' 

i ane 
onve CaQca 
RIC RY Cgc. 
FONONNOG 
coe WINN 

Poe ee Te 

‘ 

‘ 

4 

rH OQHEe 

ee » e®eee 
AMMA M a 
Seances 
Ormnonoon 
mMeamnmcecr 


pe 
£ 
- 


SCLUTION TYE: LOTSaT 
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d. EXCEPTIONS TO SECTION 4 DATA 
(Indicated by (4) ) 


Test Point 212050315040 


| 
! 
) 


Station NCALC NDATA NBL 
5 2 15 3 
6 Vs 15! 3 
7 2 15 3 
8 2 15 3 
9 2 15 3 


QUTL IT XAITUS = 7.5433 
1-0 0y2/) JIVI4TION ANGLE (OlQREES) 


8 
e 
or 

QUTL:T ?*AINIUS = 320331 
rn 
0) 


: . 
1-COIR»s JIVIATION ANGte (OTGRCES) 
02uQ0J -7.3000 i 
0799 -7.2000 
3 0 2993 -7 21909 
0 395 -7.300) 
QUTL.T RAJTUSD =  $¢99399 
42S} RG JivTaTiIun ANsLO COTUREES) ; 
02306 -3,.0699 
; » +380 ~3.9000 ; 
e230) “19.2000 
03000 “11.2009 
Test Point 212050615050 
Station NCALC NDATA 
5 15 
6 15 
15 
15 
15 
342 


MM Mf fo 


Oo CON 
wwwwow fF 


QUTLIT RAITUS = 7.5449 
4-CU0RJ VEVIATION ANOLE (DEGREES) 


e200J -39.0900 
0 40098 -3.7009 
20000 -3.3009 
¢ 3909 -8.0060 
QUTILIT KAJIUD = 3.9331 
1{-S00RKI JIVIATION ANGLE (D=ZGRLES) 
02000 -7,.30006 
4309 -7.2000 
e920u “721000 
03300 -7.9009 
DVUTLIT nAZIUD = 340933 
1-5 007) VEVIATION ANGL.. CILGVEES) 
200% -3.0009 
04903 -3.1000 
02903 “10.2000 
€2009 “11.2909 
Test Point 212051715560 
Station NCALC NDATA NBL 
5 4 15 3 
6 2 15 3 
7 2 15 3 
8 2 15 3 
2 @ 5 3 
QUTLUT <AJIUS = 7,5499 
4-002 DevTaTIOW ANGLE (IiGREZS) 
02000 “3.60790 
0 4Ju00 7.9200 
02001 7.1300 
050900 -022009 
QUTL=T 2AJIUS = 32,0235 
4-S00R05 JeVT4TION ANSGL: (OlFURZES) 
02090 ~-7-4000 
040090 “7.10490 
26009 =o. 3009 
©8000 304699 } 
343 


4 
; VUTL=T RAJIUS = 406999 
4°F002) UZVIATION ANGL= (UIGREES) 
62000 $747509 
04000 9.0500 
059039 -10.3503 
2500u “11.0300 


Test Point 212070815970 


Station NCALC NDATA NBL 
5 2 15 3 
6 2 15 5 
7 2 15 3 
8 2 15 3 
9 4 15 3 


OUTL<T RAJTUS = 7.5439 
A@-COORU DIVIATION ANGLE (OlGRecS) 


e 2900 521750 
«4000 5.4200 
2 8090 4.7700 
QUTLIT XAJIUS = 727343 
4-CO00R0 JIVIATION ANGLE (JZGREES) 
©2000 -5.9750 
24000 “4.5420 
e 8003 4.7069 
OUTL.T AASTUS = 7.39345 
1+C092) JEVIATION ANoLc (DIGREES) 
e 2006 -5.21000 
¢ +000 “4.2030 
«8000 -4%.0500 
QUTL TT RAJTIUS = 43.1319 
4-S0GRU D<IVIATION ANGLE (J=EGREES) 
e200) -5 63750 
04009 5.7420 
28000 -6-5699 


JUTL=T RAJIUS = 345599 
4-cCOQ0R0 DoVIATION ANGLE (OZGREES) 
02300 -2.3250 


4000 -12. 3300 
«8000 -25.0850 
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Test Point 212071515980 


Station NCALC 
5 2 
6 2 
7 2 
8 2 
9 4 


OUTLET RADIUS = 7.5499 


4-CO0RU DEVIATION ANGLE 


OUTLET RADIUS = 747343 


M=COORD DEVIATION ANGLE 


©2000 
«4000 
«8000 


OUTLET RAVIUS = 7,9335 


4=COORD DEVIATION ANoLe 


OUTLET RAUVIUS = 8.1919 


4-COO0RO DEVIATION ANGLE 


OUTLET RAJIUS = 3.6399 


4-COORD DEVIATION ANGLE 


-4&.7700 


-5.0750 
~4 45420 
-4&.7069 


-4.6500 


25.08 


9 
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(DEGREES) 
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Test Point 301181015885 


Station NCALC NDATA 
5 2 15 
6 2 15 
7 2 15 
8 2 15 
9 4 15 


OUTLET RADIUS = 
4-C 00RD 


4=COORU 


OUTLET RADIUS = 
4-COORD 


OUTLET RAITIUS = 
4-COORD 


7254399 
DEVIATION ANGLE 
2802338 


4200 
=457700 


767343 
DEVIATION ANGLE 
-544750 
-4,5420 
4.7060 
7293385 
DEVIATION ANGLE 
-5.21000 
“4.2030 
-4,6500 
321919 


DEVIATION ANGLE 
-6.5890 
526699 
DEVIATION ANGLE 


-25-0850 
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(DEGREES) 


(JZGREES) 
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Test Point 301181715890 


Station NCALC NDATA NBL 
5 2 15 9 
6 2 15 3 
7 2 15 3 
8 2 15 3 
9 y 15 0 


OUTLET RADIUS = 
4-COORU 


OUTLET RAJIUS = 


4-CO00%u 


JUTLET RAJIUS = 
M-C 99RD 


7eo439 
DEVIATION ANGLE (D=IGREES) 


727343 
DEVIATION ANGLE (OZGREES) 
504750 
~4,5620 
-4.7060 
7.9385 
DEVIATION ANGLE (OZGREES) 
-5.10090 
~4,. 2030 
-4.6500 
321319 
DEVIATION ANGLE (OEZGREES) 
523753 
“56 7428 
-625890 
826599 
DEVIATION ANGLE (OZGREES) 
7.3250 


“12.3390 
“25-0850 


Test Point 301230515695 


Station NCALC NDATA NBL 
: 


OUTLET RAVIUD = 7.5499 
4-COORD DEVIATION ANGLE (O=GRECS) 


000 -5, 3750 
Rt =5 34200 
58000 @4.7700 


OUTLET RAIIUS = 747343 
1-COORJ DEVIATION ANGLE (QEGREES) 


22000 -4.5750 
e 4000 -4 235420 
6000 -4.7060 


OUTL-T RAJIUS = 7,393385 
4-COORD DEVIATION ANGLe (OEGREES) 
©2000 4.5000 


OUTLET RAJIUS = 4.21319 
A-COORV DEVIATION ANGLE (DEGREES) 


JUTLCT RAIIUS = 3.6539 
“-COORt DEVIATION ANGL: (D=GREES) 


ee -6.5250 
ThE 83 328 
0 


Test Point 301231615700 


Station 


0 M-~r dW A 
Fm rh ro 


OUTLET RAJIUD = 
1-C 00RD 


OUTLET RAIIUS = 


QUTLET RAUIUS = 


QUTLET <AIIUS 
4-C OURO 


JUTLET RAJIUS = 


NCAIC 


NDATA NBL 
15 0 
15 0 
Ls 3 
5 3 
15 0 


GEVIATICN ANGLi (J=GRECS) 


“4.7 4d 


DEVIATION ANGLé (OlGREES) 


3.9700 
4.1509 
=4,6500 


DEVIATICGN ANGLE (OfGREES) 


3.9600 
7543750 
"625639 


DIVIATION ANGLE (DEGREES) 


=5.71690 


“41.7506 
=24.085y 
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Test Point 301240915602 


Station NCALC NDATA NBL 
5 2 15 3 
6 2 15 3 
7 2 15 3 
8 2 15 3 
9 4 15 0 


OUTLET RADIUS = 725499 
4-COORD DEVIATION ANGLE (DEGREES) 


22000 -§.1750 
900 -5 34200 
23000 = 407700 


OUTLET RAVIUS = 7.7343 
4-C00R5 DEVIATION ANGLE (DEGREES) 


©2090 520750 
e 4100 4.5420 
«8000 ~-4.7060 


OUTLET RAJIUS = 7.9335 
‘4-COORD DEVIATION ANGLE (OEGREES) 


22000 -5.1000 
«4000 4.2030 
e 8900 -4,.6500 


OUTLET RAUIUS = 8.1919 
4-COORD DEVIATION AMGLE (DEGREES) 
22000 -5.3750 
«4000 -5 47420 
« 8000 -6,5899 
OUTLET RADIUS = 8.6599 


4-COORD DrVIATION ANGLE (DEGREES) 


«2000 -5.3250 
© 4000 -12.3300 
«6000 -25.0650 
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DAM FP = 5.0 


PLOWER = 14.0 
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DAMP F = 5.0 


PLOWER = 14.0 


OTSTRIZUTZD BLOCKAGE sPcsTFICATION 


SATORS 
DISTRISUTION FACTOR 


SOLUTION TYP: INUI 
SLOCKAG= 


PSCALE = 1.0 
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Test Point 301181015885 


DAMP F = 5.0 
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PSCALE = 3.0 
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VISTAIBUTION FACTOR 
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APPENDIX C 


ADDITIONAL CALCOMP PLOTTING ROUTINE 
LISTINGS 


“nde apperndin contains the prorrur lacstinre. flor 
RYE Toard SPTAPLGT plotting routines, Ceetion fy re 
tho Tenut Pormat. and proprarm Pistites fer OEVELUT. 
“Soe lei ting tne dnpuw format agua proepam licttn- Pa: 


SECTION C1. DEVPLOT PROGRAM 
2 YS es 1 Phi’ So baa SB ORMAT 


shi eo Poblowine cusart, one Tine corres 
Sabd ee ceep i whee teed “ape tor 


JUIUPS 
HCaae 


de ah! 


ralew 


ais oe aye AGRE 
REY DATA LTEM, 


ACT. Numcer of Caces “Speed folinutr, ta te btsotted 
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t 

} . ar yy . « . 
: : cee foes “sey 
ltERT” GERIE Matias eT ee Ie ENTE SB eur 

"gh fof 

Tap) diate ethos Note 


ru flottine vuption. NPLOT = Ll, blots will be 

mage. PINOT = 9, Ne plete sill Le made. 
we aoe Yerot Point Lldentiffeatian Che reent Lesipn 
Spedcd) 


ye? eh yumber of Input Leviutior Joeles to be 
fa Stank for coieh: Meal wel. “nelbudes Gtereamline 
Computing Station and Gaurmespetidimes Deviation 


firptie) 


a Mbt te, 
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Pi 
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: Tp eight wey sa 
more hs eeJIUAENH LOM anise 
ptt ormnadaiged Axial Otatanee 
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ia Tormpatiroe Station Number Correspond dng 
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c. PROGRAM LISTING 


PROGRA4 Oc VPLOTCINPJT,QUTPUT,PLOT) 

UIMENSION DuVSGN(10 93) pXX20105 3) gRC10, 3) gp TL (10, 3) yp JUC10, 3) 
READ 10,NCASE,NPLOT 

FORMAT (216) 

PRINT 20,NCASE ,NPLOT 

FORMAT (Lely LUX s2oHRLTOR THRU 3L AVE Uc VIATIONs // 1 0X, 1 7HNUMIER OF 


ACASES =5139/7y10Xy7HNPLOT =y12) 


30 
40 


50 


M=1 

REAU &IJyNSPAEDgNPOINTS 

FORMAT (216) 

PRINT S0,NSPEZU,gNPQINTS 

FORMAT (LHL, 10X,A2NTEST SP2cD HyIoglH%g//y10Xy23HNUABER OF JATA PO 


LINTS =,L297,2X) 


READ 60, CC DEVSON(T 9 J) gXX201 yd) gRU Lo Jd pITL (19 J) p UML 9 J) yp JEH19 3) LH1596 


1) 


60 
70 


80 


90 
100 


110 


FORMAT (3Fizedy2Io) 

PKINT 70 

FURMAT(//522X_ LDHNOXMALI Zig /y11X_ 7HSTATION 2X91 4HAXIAL OISTANC: 91 
LX, IHVEVIATIONy, OX gL OHSTRA ALIN: 9 3X pGHRAIJIUS 9/9 2X) 

BDO 00 JH1,3 

0O 60 T=1,5 

XX2¢Ig JI =EX(2(I,J072.9 

DO 100 J=i,3 

00 100 L=1)0 

PRINT 305 TDCI 9 J) p XX2(I 9 J) gUCVSGN(I J) pJU (IT 9 J) a RUI 9 JD 
FORMAT (LUX, Id SXgFLO02 5 eXeF Lindy 3K Tay 3X_F 10 04) 
CUNTINJ- 

TF CNPLIT2EGD. GIGO TU 150 

CALL PLOT(0.0,°12.9,-3) 

CALL PLUT (3609200, ~3) 

CALL AKLS (Oe De y2rHNOR4ALTIZ2CO AXIAL DISTANCr 9 -2595090e De yecs 
CALL AXIS(Oesdey2rH2UTIRX INCIUENCE/VEVIATIONs 25570 9900 900 950) 
FPN=ENSPcz) . : 

CALL NUMBER Se Up be 2ige2ryFPNy Oey mt) 

CALL SVAZIL (CL eD abe rep e109 09 Deg m1) 

CALL SYMSIUL (10 SUg ue 45901259 SHHUB, 0093) 

CALL SYMBOL C1. Os bely el Dg iy De yt) 

CALL SYMBOL (10 SG gure Jaye t 25g SHMIDy Dey 3? 

CALL SYMSOL (1009507 yel1D592900 9-1) 

CALL SYMBOL (1e 3095005901259 5HTIP 9 0053) 

OO 110 J=1,3 

XX2¢07,J5)=0.3 

¥X2(8, Jd =022 

Dc VSGN(79J)=020 

DEVSGN(4_)J)=5.0 

L=J-1 

CALL LINE (CXX201 95) pIZEVSGNCLy J) pO nhn1 5h) 

CALL PLOT (8s. 9009235) 
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150 CONTINUE 
IF (MeEQeNCASEIGO TO 170 
M=MeL 
GO TO 30 
170 CONTINUE 
CALL PLOT< 
END 
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SECTION C2. STAPLOT PROGRAM 
a. SOTAPLOT INPUT DATA FORMAT 


In the following chart, one line corresponds to one card. 
Values in parentheses Indicate the input format for the 
corresponding, variable. 

NCASE (16) NPLOT (16) 

NVLTLE (112) 


NPSPPS: CIO) 


Occurs 
PDIST (F10.0) PSP (F10.0) NPSPTS 

Times 
PDISP (NPPT) (F10.0) PSF (NPPT) (F10.0) Occurs 
yyraeyy ypmrag A) ‘\ A d NCASE 
EDIST (NPPTS) (F10.0) PSP (NPPTS) (F10.0) Times 


NOSUTS  (Ié) 


Oecurs 
Corer. PLO. aY Shp CP TO) NSSPTS 
Times 


COLOT CNPPT) (F10.60) SSP (NPPT) (F10.0) 


cols ?T (NPFTS) (F16.0) SSP (NPPTS) (F10.0) 


7 


. 


i, DEPINITION OF INFUT DATA ITEMS 


NCASE 


HPLOT 


ade ant 


RPOPTS 


pyran 
ra oo 


Nt 
PoP 


sie on 
i hse 


nan 
ooT 


HeSPrs 


nigra 
eal a 


I EEE 
eee ep EE TES 


oN 


“4 


Staetine Value of Percer 


SE SE 


Number of Test Foint Cases to be run 
(Each requires a sepirate Input data set). 


Hlotting,s Ortion. NPLOT = 1, Plots will be 
mide. NPLOT = 0, No plots will be made. 


1? Dirit Test Peitnt tdentifieation Number 
for caeh NCACE, 


Number of Pressure Surface Stutie Pressure 
Readiness tc te Input for each NCASE. 


Chord Distance from Leadine Edee (On chosen 
radius) of each Pressure Tap on Fressure 
surface. 


Pressure Surfaee Statie Pressure at each PDIST. 


Same as PLIST , except for Suction Surface 
Pressure Taps. 


Suction Surface Static Pressure 4: Gach SDIST. 


Same ac NPOPTS except for Suation Gurface. 


(hrtas hh) Array locet2 ot. fer otirtoneg 
Value of Static Pressure An’: ‘YAKLS). 
(NESITS + 2) Array Location Trescure/in value 
for Pressure Axiz (YAXIS). 


(NSOPTS + 1) Same as NPPT. 
(youl $2) Same as. NPPIS. 


tothord axis (X axIc). 


fa 


PTO )bcreent Thord/in value for K Axis. 


Oane ac PNUSTCNPET). 


“Co Same as PDISPCIEPETS ) 


<3 $ s ~ ™ ay -, ey RK. 
ee | Via eh bas te Dem ee as 


3 
: 
4 
q 


PSF (NPPTS ) Pressure/in Value for Static Pressure Axis. 
SSP(NPPT) Same as PSP (NPPT) 
SSP(NPPTS) Same as PSP(NPPTS) 
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ce. PROGRAM LISTING 


PROGRAM STAPLOTCINPUT ,OUTPUT,PLOT) 
DIMENSION PIIST (400) »PSP (400) SSP (400) » SOIST (400) 
Re AD 10,NCASE,NPLOT 
10 FORMAT (2T12} 
PRINT 20,NCASE,NPLOT 
20 FOUMAT (1Hig 1 OX, 31HSTATOR SURFACE STATIC PRESSURES») //, 9X, 17HAUMBE 
tR OF CASES =5123359/4/59X%y 7HNPLOT =,I3) 
I=1 
30 READ GO,NTITLE 
#0 FORMAT (112) 
PRINT SO,NTITLE 
56 FORMAT (1H15//,20X,18HTEST POINT AUMBcCR ,T12) 
READ 60,NPSPTS 
60 FORMAT (112) 
JENPSPTS+2 
READ 70, (POIST (K) »PSP(K) , K=1,J) 
70 FuRMAT “F10.2,F1003) 
DO 80 L-1,NPSPTS 
BU POIST(LI=CCCPDIST(L) =2.93)/1.795) 100.0) 
PRINT 3C, (POIST(K) »PSPCK) »K=1,NPSFTS) 
90 FORMAT (//7,20X,y22HSTATIC PRESSURE (PSIA) 97/5 27X 1 GHPRESSURE SURFA 


1CE9//918X 51 3HPERCENT CHORD,10X sSHPRESSURE 9 //y (17XeF1002911X_F 1003) 
2) 


REAG 10e,NSSPTS 
100 FORMAT (712) 
JENSSPTse2 
READ 110. ¢SDISTOCK) »SSP(K) sK=1_U) 
110 FORMAT (2F10.3) 
NO 1260 t=ei1yNSSPTS 
126 SOISTC(LISCCCSOIST(L) -2.93)/1.795) 4100.0) 
PRINT 130, (SOIST(K) »SSP(K) »K=1,NSSPTS) 
130 FORMAT (///,28X y15HSUCTION SURFACE 9//513X,13HPERCENT CHORD, 10X,6HPR 
LESSURE 7/5 (17X_F1002511X9F10.3)) 
IF C1SNPL IT) 150,140,150 
140 CONTINUE 
NPOTZNPS 2TS +1 
NPPTS=NP 5PT S42 
NSPT=ENSS°TS #1 
NSPISHNSSPTS4e2 
CALL PLOT (0.09-122 9973) 
CALL PLOS(3 209 2009>3) 
GALL AXTS (De Ve sL3HPERCENT CHORD 9-1395050e,PDIST (NPPT) ,POIST (NPPTS 
1)) 
CALL AXI3(0e Qe pI SHPRESSURE (PSIA) 51555099009 PSPINPPT) »PSP(NPFTS)) 
CALL LINZ (POIST,»PSP,NPSPTS515150) 
CALL LINZ CSIISTsSSPyNSSPTSsl9194) : 
FPNENTITLE 
CALL NUMIER (10896025 ye 2g FPNy De gel) 
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Liat itl i il 


150 
160 
170 


OE AE I SE Ee eS 


CALL SYMBOL C1059 5085210550502, -13 

CALL SYMBOL (108 95e7%, cl 25 ,1GHPRESSURE SURFACE » il. 916) 
CALL SYMBOL (205950890105 ping De gel) 

CALL SYMBOL 6108550 4290125, 15HSUCTION SURFACE» 0.515) 
CALL SYMBOL (1259521652105 90500 5-1) 

CALL SYMBOL (125950165. 105 9%_ 00921) 

CALL SYMBOL (126950195 012591 7HCALCULATED VALUES, 00517) 
CALL SYMBOL (10 89%e 9090125 ,24HLEADING & TRAILING EDGES, 0-524) 
CALL PLOT (60 9005°3) 

CONTINUE 

IF (I-NnCASE) 160,170,170 

I=I 41 

60 TO 39 

CONTINUE 

CALL PLOTE 

END 


APPENDIX D 
RAW EXPERIMENTAL DATA 


This appendix presents a listing of the experimental data after 
being dumped from magnetic tape onto computer cards. The first two 


ten-character "words" of each test contain the test identification 
number. 
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#PE 29006) 
Ie LZE900—0 
2#239900-9 
26-5 900-0 
203"°900-0 
322290009 
S029 0-9 
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ee oe ret he ee ee 


2920070090 995528904) 
G*2000000036239S89) 
Fe2a0000N0 FZeO4Tut+) 
77920000000 2990 /T9¢) 
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se FOOIIOHOADES TUGer 
ETTGCIWAG%*e rH TUA+G 
T2e700)300036¢ TTO0+S 
S2TNO0IINOGICST OREO 
22TQCI9F CE FEE NOE+8 
S2T9VOIIONCHIAZ2LATOGSeA 
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T2TGCIAGNUACLNATOE+9O 
SsTTACIZICNSe+ataa+d 
ZTEQHIDVCCIIL6 60940 
STCODOLOLHACCOTIESG 
ELTOUNTIOOIG 2tOl+G 
TUCAUIIO GS aes TAH+O 
SITOCISICOSOCT TION 
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ZITOGIIIONG&> GTON+4D 
SITOCIICOCITE TIul+e 
TITSHIIICTGRK Ce YVGssd 
2200C8I900CIISES2ZO+0 
253912 VUGIAWSECHNGD 
2290°990003..7F 06040 
“42h CJ IOPC er bydied 
TRIGUAIIOE SOC CTOF4S 
S49GOSCEAQHETALCE4O 
Z22HGFIZOCEMHHCNGEN 
SITACIIGGE ors custy 
“79003 INOOWS2UO+0 
GA ae JUICWIHIGLS4+9 
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